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METHODS OF USING A FACILITATOR 
OF RETROVIRAL BimiY INTO CELLS 
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rights in the invention. 

10 

TECHNICAL FIKT ,D OF THE INVENTEON 



The present invention relates generally to the binding, transport and infection of cells 
by retroviruses including HTV-l, and HIV-2. Methods of identifying agents that 
IS modulate such pococesses, the agents themselves and therapeutic uses of such agents 
are also provided. Related diagnostic methods are also included. 

BACKGROUND OF THE INVENTEON 



20 The human immimodeficiency viruses infect CD4*inacrophages and T helper cells. 
Although mV-l entry requires cell surface expression of CD4, to which the viral 
envelope glycoproteins bind, several studies have suggested that it is not sufGLcient for 
fusion of the viral envelope to the cellular plasma membraae. Early studies have 
shown that while human cells expressing a tcansfected CD4 gene were permissive for 

25 virus entry, murine cells expressing human CD4 were not. These findings led to the 
suggestion that there is a species-specific ceU surface cofactor required in addition to 
CD4 for HEV-l entry. Subsequent studies have shown that strains of HIV-1 that had 
been adapted for growth in transformed T-^11 lines CT-tropic strains) could not infect 
primary monocytes or macrophages; in contrast, primary viral strains were found to 

30 infect monocytes and macrophages, but not transformed T cell lines. This difference 
in tropism was found to be a consequence of specific sequence differences in the 
gpl20 subunit of the envelope glycoprotein, suggesting that multiple cell type-specific 
cof actors may be required for entry in addition to CD4. 
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The nature of the cefaclors required for HIV entry proved elusive until it was 
discovered that ftie principal receptor for entry of macrophage-tropic (M-tropic) HIV- 
1 strains was CC3R5, whereas the principal receptor for entry of T-cell line-tropic (T- 
tropic) strains was CXCR4. On the o1h«r hand, both M-tropic and T-tropic strains of 
5 simian innnunodeficiency virus (SIV) can be mediated by CCR5, but not CXCR4 
[Cahew et al., /. Virol, 71:2705-2714 (1997); Marcon et aL. J. Virol 71:2522-2527 
(1997); andEdmgeriff/aJ., Proc. Natl Acad. ScL USA, 94:4005-4010 (1997)]. More 
importantly, SIV strains were also found to infect CDA^ cells that lack CCR5 [Chen et 
al., J. Virol, 71:2705-2714 (1997); and Edinger eif ai, Proc, Natl Acad. ScL USA, 
10 94:4005-4010 (1997)]. 

la humans, CCR5-tropic viruses are primarily involved in transmission, while viruses 
with broader tropism, particulaily for OCCR4, emerge during progression to 
immunodeficiency [Fauci, Nature^ 384:529-534 (1996)]. It is not yet known whether 

15 appearance of CXCR4-1ropic viruses is a consequence or tiie cause of immime system 
decline. Insight into this key problem of virus evolution is likely to require 
experimental manipulation in animal models. lofection of non-human primates with 
SIV remains the only good animal model for studying pathogenesis of the 
immunodeficiency viruses \Ptsro^eis^Armu Rev Immunol, 8:557-578 (1990)]. 

20 Moreover, dlEferent species of non-human primates vary widely in their responses to 
SIV infection. For example. Rhesus macaques succumb to immunodeficiency that 
closely resembles AIDS in humans, but sooty mangabeys and Afdcan green monkeys 
can sustain infection with littie evidence of immune system damage [Kestler, Science, 
248:1109-1112 (1990)]. These interspecies differences provide imqportant clues for 

25 understanding and combating disease progression in HIV-infected humans. 

Transmission of Human Immunodeficimcy Virus Type 1 (HIV-1) infection in humans 
requires the dissemination of virus fiom sites of infection at mucosal surfaces to T cell 
zones in secondary lymphoid organs, where extensive viral replication occurs in CD4* 
30 T-helper cells and macrophages [Fauci, Nature, 384(6609):529-534 (1996)]. These 
cells express both CD4 and the chemokine receptor CCR5, which together form the 
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receptor coioplex required for entry by the R5 viral isolates that are prevalent early 
after infection [tittman, CrfZ, 93:677-680 (1998); Lu et oL, Proc. Natl Acad. ScL 
94(12):6426-6431 (1997); Dragic et al.. Nature, 381:667-673 (1996); US 
Patmt No: 5,939,320, fesued August 17, 1999; and U.S. Patent Application 
5 09/116,498, Piled July 7. 1998, the contents of which are hereby incorporated by 
reference in their entireties]. Viruses with tropism for other chemoktne receptors, 
particularly CXCR4, are rarely transnutted, and generally appear only late in infection. 
Such CXCR4-tropic isolates replicate poorly in macrophages, and it has hence been 
proposed that infection of macrophages is a requisite componeiit of viral transmission. 

10 

The mechanism of early viral dissemination remains vague, but based on anatomical 
distribution of different hematopoietic lineage cells and on in yitro infectivity studies 
it has been inferred that immature dendritic cells (DC) residing in the skin and at 
mucosal surfaces are the first cells targeted by HIV-1 . DC are the most potent 

15 . antigeurpreseuting cells in vivo [Banchereau and Steinman, Nature, 392:245--252 
(1998); Valitutti et al. Nature, 375: 148-151 (1995)]. Immature DC in peripheral 
tissues capture antigens efficiently and have a unique capacity to subsequently migrate 
to the T cell areas of secondary lymphoid organs. As the cells travel, they mature and 
alter their profile of expression of cell surface moleculesi including chemoldne • 

20 receptors, lose their ability to take up antigen, and acquire competence to attract and 
activate resting T cells in the lymph nodes [Banchereau and Steinman, Nature, 
392:245-252 (1998); Adema et al. Nature, 387(6634):713-717 (1997)]. HTV-l is 
thought to subvert the trajEcldng capacity of DC to gain access to the CD4'*" T cell 
compartment in the lymphoid tissues [Steinman andMaba, 7. Leukoc. BioL, 

25 66(2):205-208 (1999); Rowland-Jones, S.L., Curr. Biol, 9(7):R248-R250 (1999); and 
Grouard and Clark, Curr. Opin, hnmimoL, 9(4):563-567 (1997)]. 

Immature DC express CX)4 and CCRS, albeit at levels that are considerably lower 
than on T cells [GranelK-Pipemo et dL, J. Exp. Med., 184:2433-2438 (1996); Rubbert 
30 et al, J. bnmunoh, 160(8):3933-3941 (1998)], and they have been reported to be 
infectable with R5 strains of HIV-1; la .coixtrast, inmiature DC do not express 
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CXCR4 and axe resistant to infection with CXCR4-tropic isolates of BIV-l [Oranelli- 
Pipemo et aL, J. ViroL, 72:2733-2737 (1998); Blauvelt etdL.J. Clin. ImesL, 
100:2043-2053 (1997); and Weissman etoL, Proc. NatL Acad, ScL U.SA., 92:826- 
830 (1995)] . Entry of HIV-1 into inamatuie DC has also been reported to proceed 
5 through a CD4-independent mechanism (Blanvelt et oL » J. Clin. Invest , 100:2043- 
2053 (1997)], suggesting that receptors ottiCT than CD4 could be involved. There 
have been conflicting reports regarding the significance of HIV-1 replication within 
DC [Canque et al.. Blood, 93(ll):3866-3875 (1999); Ayehunie et oL, Blood, 
90(4):1379-.1386 (1997); Cameron etal., J. Leukoc, Biol, S6&y.257-265 (1994)]. 
10 Although replicajdon can be observed in some droomstances, it has also been reported 
that, in immature DC, replication is incomplete and that only early HIV-1 gene&ace 
transcribed 

U has been proposed tHat virus-infected immature DC migrate to the draining lyxnph 

15 nodes where (hey initiate both a primary anti-viral immune response and a vigdrdus 
productive infection of T cells, allowing systemic distribution of HTV-l [Caroeron et 
aL, Science, 2S7(5068):383-387 (1992); Weisman et aL, Proc. NatL Acad. Set U.S.A, 
92:826-830 (1995)]. However, in a non-human primate model of mucosal infection 
with the simian irmnunodeficiCTcy virus, it has been difficultto demoiistrate 

20 productive infection of DC despite r^id dissenoination of virus [Stahl-Henning et al,. 
Science, 285(5431):1261-1265 (1999)]. Other efforts to model primary HIV-1 
infection in vitro by exposing DC derived ficom skin or blood to HTV-l have indicated 
that tiiese cells are poorly infected. Nevertheless, only DC, and not other leukocytes 
including monocytes, macrophages, B cells and T cells were able to induce high levels 

25 of infection upon co-culture with mitogen-activated CDA*' T cells after being pulsed 
with HIV-1 [Cameron etoL, Science, 257(5068):383-387 (1992); Granelli-Piperao et 
al,, Curr. Biol, 9:21-29 (1999); Weissman etal. Proa Natl Acad, ScL U.S.A,, 
92:826-830 (1995); Blauvelt et al., J. CWu Invest., 100:2043-2053 (1997); Cameron 
et al, J. Leukoc, Biol, 59(2):158-171 (1996)]. In an early study, Cameron et ai. 

30 [Science, 257(5068):383-387 (1992)] proposed tiiat DC have a unique ability to 
**catalyze" infection of T cells witii HTV, but do not become infected themselves. 
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Therefore, there is a need to idmtify the protein or proteins involved in the mediation 
of HTV from the mucosal surfaces to tiie T cell aieas of secondary lymphoid organs. 
Further, there is a need to design methods of identifying agents that will interfere with 
this mediation. 

5 

The citation of any reference herein should not be construed as an admission that such 
reference is available as 'Trior Art'* to the instant application. 

SUMMARY OP THE INVENTION 

10 

The present invention provides the nrissing link between viral breach of host mucosal 
defense and infection of T ceUs in the lymphatic organs by demonstrating that a 
membrane-bound receptor that is specifically expressed on dendritic cells, DC-SIGN, 
and which has the amino acid sequence of SEQ ID NO:2, facilitates infection of T 
15 lymphocytes by HIV. The present inyentipn farther provides new intervention 
strategies and novel approaches towards prevention, preventive vaccination and 
th^apy against HTV infection based, at least in part, on this finding. 

The present invention therefore provides an antibody thatds specific for w antigenic 
20 fragment of gpl20. In one embodiment the antigenic fragment is obtained from a 
portion of gpi20 that binds to DC-SIGN. In another enabodiinent the antigenic 
fragment is obtained from the portion of gpl20 that is exposed upon gpl20 binding of 
DC-SIGN due to the concomitant conformational change that occurs upon DC-SIGN 
binding gpl20. The present invention also provides antibodies to the portion of DC- 
25 SIGN that interacts with T cells and/or macrophages. In a preferred embodiment the 
antibody is specific for the DG-SIGN-gpl20 binding complex. The antibodies of the 
present invention preferably interfere with dratddtic cells fadlitating the transr 
eiihancement of Hiy entry, into T cells or m^ 

30 In a particular embodiment the antibody is a polyclonal antibody. In another . 

embodiment the antibody is a monoclonal antibody. In still.another embodiment the 
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aatibody is a chimeiic antibody. Id one such embodmient the antibody is a humanized 
antibody. The present invention also provides innnortai cell lines that produce the 
monoclonal antibodies of the present invention. 



5 The present invration also provides vaccines and immunogenic compositions. Such 
vaccines and immunogenic compositions preferably compiise adjuvants. One such 
immunogenic composition comprises an adjuvant and an antigenic fragment obtained 
from a portion of gpl20 that binds to DC-SIGN. In another embodiment tiie 
iimnunogenic composition comprises an adjuvant and an antigenic fragment obtained 

10 &om the portion of gpl20 that is exposed upon gpI20 binding of DC-SIGN due to the 
concomitant conformational change that occurs upon DC-SIGN binding gpl20,. Jbyet 
another embodiment the immunogenic composition comprises an adjuvant and an 
antigenic fragment of DC-SIGN that interacts with T cells and/or macrophagp§i fe^i^Xc 
still another embodiment tiie immunogpnic composition comprises an adjuvant smid 

15 the DC-SIGN-gpl20 binding complex or fragment thereof. 

Hie present invention further provides a soluble fcam of human DC-SIGN. The: 
soluble foim of human DC-SIGN can be used in drug assays or in a phaimaceutical 
composition fizrther comprising a pharmaceutically acceptably earner. 

20 

In addition, the present invention provides a mammalian cell that is transfected with a 
vector encoding human DC-SIGN. Preferably this cell can facilitate the trans- 
enhancement of mV entry into a T cell or macrophage. More preferably, the cell 
lacks the translocation promoting agent and/or CD4 required for HIV entry. In a 
25 particular embodiment the mammalian cell is not a dendritic cell. In a preferred 

embodiment the mamma]ian cell is a human cell. In particular embodiment, the cell 
is attached to a solid support matrix. 

The present invention furtha: provides methods of filtering a biological fluid to 
30 remove a virus expressing an HIV envelope glycoprotein that binds DC-SIGN, lii one 
embodiment the method comprises passing the biological fluid through a solid 
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support comprising DC-SION. A related embodiineat conipdses passing the 
biological fluid tibrough a solid support comprising a maimnalian cell that is 
transfected with a vector encoding human DC-SION. In another embodiment the 
biological fluid is contacted with a manomalian cell that is transfected with a vector 
5 encoding faunoian DC-SIGN and then the cell is removed. In still another embodiment 
the biological fluid is contacted with a dendritic cell and then the dendritic cell is 
removed 

The present invention fiixther provides transgenic non-human mammals. In one 
10 embodiment the transgenic non-human mammal comprises DNA constmcts encoding 
CD4, one or more translocation promoting agents, and DC-SIGN. Prrferably the 
CD4, the translocation promoting agent(s), and the DC-SIGN are human ixroteins. In 
a preferred embodiment, tiie transgenic non-human xuammal is capable olE^susceptible . 
to mucosal uptake of HEV, transport of the HIV to lynxphatic organs and infection of a 
15 target T cell and/or macrOfphage by HIV. More preferably the infectitm with HIV (or 
suitable vector analog) is greatly enhanced relative to a transgenic non-human 
mammal that does not contain a DNA construct encoding DC-SIGN. In a preferred 
embodiment the transgenic non-human mammal further comprises a DNA constmct 
encoding cycliii T (wMch is preferably ht^ 

20 

In one embodiment the human translocation prorhoting agent is CCR3. In another 
embodiment the human translocation promoting agent is CXCR4- In yet another 
embodiment the human translocation promotiag agent is CCR2b. In still another 
embodiment the human translocation promoting agent is Bob. In yet another 
25 embodiment the human translocation promoting agent is Bonzo. In a preferred 
embodiraent the human translocation promoting agent is CCR5, 

The transgeoic non-human manriTnal can be any mammal including a prirnate or 
rodent including rabbits, rats or monkeys and chimpanzees. In a preferred 
30 embodiment the transgenic non-human mammaT is a mouse. 
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Hie present invention further provides methods of treating or preventing HIV 
infection by inhibiting deaadritic cells torn facilitating the trans-enhancement of HIV 
mtry into a ceU. One such embodiment comprises administering a hmnanized form 
of an antibody of the present invention to the subject Anoth^ embodiment 
5 comprises administering a soluble form of DC-SIGN of flie presmt invention to the 
subject Yet another embodiment comprises administeriTig a compound identified 
through an assay of the present invention to the subject Iq a preferred embodiment, 
the celj for which tiie trans-enhancement of HIV entry is inhibited is a T cell or 
macrophage. 

10 • 
The present invention farther provides methods of identifying a compound that . .j- ; 
interferes with the trans-enhancement of HIV entry into a cell. In one such 
emboxiiment, tiie compovmd interferes with viral capture. One such embodimente'^^i^zrr-. 
comprises contacting a first cell with a vector in the presence of a test compounds:. 

15 The vector comprises a viral envelope protein that binds DC-SIGN, whereas the first 
cell expresses DC-SIGN. A DC-SIGN-viial envelope protein complex forms between 
the first cell and the vector in the absence of the test compound and the effect of the 
test compound on flie formation of the complex is flius bdng tested. The unbound 
vector is separated from the first cell (preferably so is the test compound) and the first 

20 cell is next contacted with a second cell. The second cell is susceptible to entry of 
vectors comprising the viral envelope protein. The amount of vector that has entered 
the second cell is determined A test compound is identified as a compound that 
interferes witii the trans-enhancement of HIV mtry into a cell when the amount of 
vector entry determined is less for tiie case when the test compound was present 

25 during the incubation with the first cell and the vector, than when the test compound 
was absent 

Iq a particular embodiment removal of flie unbound vector (and the test conq>ound) 
from first cell comprises washing the unbound vector (and the test compound) away 
30 fix)m the first cell. In a particular embodiment the second cell is a T cell or 

macrophage. In another embodiment the second cell expresses human CD4 and a 
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human translocatioa promoting agent. In one embodiment the human ttBnslocation 
promoting agent is CCR3. Jn another embodiment the human translocation promoting 
agent is CXCR4. In yet another embodiinent the human translocation promoting 
agent is CCR2b. In still another embodiment the human translocation promoting 
5 agent is Bob. In yet another embodiment the human translocation promoting agent is 
Bonzo. In a preferred embodiment the human translocation promoting agent is 
CCR5. 

In a particular embodiment the human translocation promoting agent is CCR5 and the 
10 viral envelope glycoprotein is JRFL. In another embodiment the vector contains a 
marker protein. In one such embodiment the amount of vector that has entered the 
second cell is determined by detecting the amount of marker protein expressed in the 
cell. In a particular embodiment the. niarker protein is luciferase.; In another, 
embodiment the marker protein is green fluorescent protein. The present invention 
15 further provides: the compounds identified by these methods. 

The present invention also provides an assay for identifying an agent for use in the 
treatment or prevention of HIV infection using a transgenic non-human mammal of 
the present invention. One soch method comprises actauiiist 

20 the transgenic non-human mamrnal and infecting the transgenic non-human mammal 
witii a virus or viral vector having an HIV envelope glycoprotein. The ability of the 
transgenic non-human mammal to resist the infection is then detcamined or measured. 
A test compound is identified as an agent for use in the treatment or prevention of 
mV infection when the measured ability of the transgenic mammal to resist the 

25 infection is statistically greater in the presence of the test compound than in the 
absence of the test conqyound. Again the compounds identified by this method are 
also part of the present inymtion. 

The present invention further provides a method of identifying a compound that 
30 interferes with the trans-enhancement of HIV entry into a cell. One such embodiment 
coipprises 
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contacting a fiist cell, a vector and a second cell in die presence of a test compound. 
. Hie vector comprises a viral envelope protein that binds DC-SIGN, the first cell 
ej^resses DC-SIGN, and a DC-SIGN-viral envelope protein conrplex forms between 
thefirstcellandthe vector in the absence of the test compound. In addition, the 

5 second cell is susceptible to entry of vectors comprising the viral envelope protein. 
The amount of vector that has entered the second cell is then deternoined. A test 
compound is identified as a confound that interferes with the trans-enhancement of 
mV entry into a cell when the amount of vector entry is less in the presence of the test 
compound than in its absence. In a paiticular embodimmt the second cell is a T cell 

10 or macrophage. In another ^nbodiment the second cell expresses human GD4 and a 
hmnan translocation promoting agent In one embodiment the hmnan tranalocatLon: 
promoting agent is CC!R3. Li anotiber embodiment the human translocation promoting 
agent is CXCR4. Ih yet another embodiment the human translocation promQting«ii&S^';v 
agent is CCR2b. In still another embodiment the human translocation promotinj^ 

IS a^nt is Bob. In yet another embodiment the human translocation promoting ag^nt is 
Bonzo. In a preferred embodiinent the human translocation promoting agmt is 
CCR5. 

Tn a particular embodiment the human translocation promoting:agent is CCR5> and the 
20 viral envelope glycoprotein is JREU In another embodiment the vector contains a 
marker protein. In one such embodiment the amount of vector that has entered the 
second cell is determined by detecting the amount of marker protein expressed in the 
cell. In a particular embodiment the marker protein is luciferase. In another 
embodiment the marker protein is green fluorescent protein. The present invention 
25 further provides the compounds identified by these methods. 

Accordingly, it is a principal object of the present invention to provide compoimds 
that can be used in the treatment of AIDS. 

It is a further object of the present invention to provide assays for identifying new 
30 compounds in the treatment of HIV infection. 
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It is a further object of tibie present invention to provide soluble fragmaats of DC- 
SIGN. 

It is a ftnthex object of the present invention to generate a soluble form of DC-SIGN 
5 that inhibits trans-enhancement of HIV entry into T cells that is facilitated by DC- 
SIGN. 

It is a further object of the present invention to identify DC-SIGN polymorphisms that 
do enable dendritic cells to facilitate trans-enhancement of HEV entry in T cells. 

10 

It is a further object of the present invention to provide methods of identifying drugs 
that can treat HIV infection. 

It is a further object of the present invention to provide methods for making a 
IS transgenic animal modal for AIDS. 

It is a further object of the present invention to provide a vaccine to prevent or retard 
the onset of AIDS. 

20 These and other aspects of the present invention will be better apixreciated by 
reference to the following drawings and Detailed Descxription. 

TtPTRP n^,<;tn RiPTiON OF the drawings 

25 Figures lA-lD show that DC-SIGN is a dendritic cell (DC) specific receptor for 
HiV-l gpl20. Figure lA shows that DC-SIGN is expressed spedfically by DC. 
Imxnature DC, cultured from monocytes in the presence of GM-CSF and ILr4, express 
high levels of DC-SIGN, whereas resting peripheral blood lymphocytes or monocytes 
do not express DC-SIGN. Expression of DC-SIGN (AZN-Dl) was determined by 

30 FACScan analysis. One representative experiment out of 3 is shown. Hgure IB 
shows that DC-SIGN, but not CD4. mediates binding of HIV-1 gpl20 to DC, DC 
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WCTB allowed to bind HIV-l gpl20^oated fluorescent beads. Adhesion was blocked 
by anti-DC-SIGN antibodies (20 (ig/ml), mannan (20pig/nil ) andEGTA (SmM) and 
not by neutralizing anti-C3M antibodies (20 \ig/mL). One lepresentative experiment 
out of 3 is shown. Figures IC-ID show immature DC (Rg. ID) express low levels of 
5 CD4 (RPA-T4) and CCR5 (2D7/CCR5) andhigb levels of DC-SIGN (AZN-Dl). 
THP-1 cells stably transfected with DC-SIGN (IHP-DC-SIGN, Fig. IC) express higji 
levels of DC-SIGN (AZN-Dl) while CD4 and CCR5 are not expressed (filled 
histograms). Antibodies against CD4 and DC-5IGN were isotype matched and the 
appropiiate isotype controls are represented by dotted lines. Figure IE shows 

10 DC-SIGN transfectants (THP-DC-SIGN) bind HIV-l gpl20. THP-DC-SIGN and 
mock transfectants were allowed to bind HIV-lgpl20 coated fluorescent beads: * '-vr 
Adhesion was blocked by anti-DC-SIGN antibodies (20 |ig/ml) and EGTA (5mM) 
and not by neutralizing anti-CD4 (RPA-T4) antibodies (20 jigtoil). One 
representative e^qieriment out of 3 is shown. • - 

15 - 
Figures 2A-2C show that DC-SIGN mediates HIV-l infection in a DC-T cell 
co-culture. Figure 2A shows that antibodies against DC-SIGN inhibit HTV-l infection 
as measured in a DC-T ceD co-culture. DC (50x10^) were pre-incubated for 20 min at 
room temperature with blocking mAb against CD4 CRPA-T4) or DC-SIGN (AZN-Dl 

20 and AZN-D2) (20 (ig/ml) or with a combination of CCR5-specific chemoMnes 

(CCR5 trio: RANTES, MlP-la and MIPlp; 500 ng/ml). Pre-incubated immature DC 
were pulsed for 2 hours with HIV-l (M-tropic HIV-lBa.L strain) and unbound virus 
particles and mAb were washed away. Subsequ^tly, DC were co-cultured with 
activated PBMC (50x10^) for 9 days, Co-culture supematants were collected and p24 

25 antigen levels were measured by ELESA One representative experiment of 2 is 

shown. Figure 2B shows the inhibition of HIV-l infection in a DC-T cell co-culture 
by blocking DC-SIGN, CD4 and CCR5. HIV-l replication in the DC-T ceH 
co-cultureatday 5 of the experiment is described in Figure 5A. The results of day 5 
are representative for day 6, 7 and 9 of DC-T cell co-culture. DC were also 

30 pre-incubated with mAb against DC-SIGN together with anti-CD4 and CCR5 specific 
chemoldnes. p24 values represent mean ± SD of triplicate cultures. One representadve 
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expedznent oiit of 2 is shown* Hgure 2C shows the DC-SIGN mt^nactions with 
ICAM-3 are not involved in the transmission of DC-bound-HIV-1 to T ceUs. DC 
(50x10^) were pulsed for 2 hours with HTV-l (M-tropic HEV-lBai strain), washed and 
co-cultured with activated PBMC (50x10^) for 9 days in the presence of the CCR5 
5 specific chemokines (CCR5 trio: RANTES, MlP-la and MIPip; 500 ngftnl) or mAb 
against CD4 (tiPA-T4) and DC-SION (AZN-Dl and AZN-D2) (20 jig/ml). 
Antibodies weie added post HEV-linfection of DC, prior to the addition of PBMC. 
One representative experiment out of 2 is shown. 



10 Figures 3A-3B show that DC-SION exi^ressed on target cells does not mediate HTV-l 
entry, Kgure 3 A shows the results from 293T cells that were transfected with 
DC-SIGN or CD4 and CCR5 and pulsed for 2 hour with HTV-l (CCR5-tropic 
HTV-lBa^L strain). Subsequently, cells were cultured for 9 daysi Supematantis were 
coUected and p24 antigen levels were measured by ELESA. One representative 

15 experiment of 2 is shown. Hgrtre 3B shows the results from 293T ceUs and 293T 
cells stably expressing either CD4, CCR5 or CD4 and CCR5 that were transiently 
transfected with DC-SIGN and subsequendy infected witii pseudotyped CCR5-tropic 
HTV-Iada virus in the presence of polybrene (20 jig/ml). Luciferase activity was 
evaluated after 2 days. One representative experanent out of 3 is shown. 

20 

Rgures 4A-4C show that DC-SIGN capttires HIV-1 that retains rnfectivity for CD4'*T 
cells. Figure 4A shows that DC-SIGN captures HTV-l and facilitates infection of 
HTV-l permissive cells in trans. THP-1 transfectants (100x10^) were pre-incubated 
for 20 miQ at room temperature with blocking mAb against DC-SIGN (AZN-Dl and 

25 AZN-D2; 20 jJig/ml). The THP-DC-SIGN cells were infected with HIV-luciferase 
. viruspseudotyped with R5 strain HIV- Ij^Env. Alternatively activated T cells were 
infected with pseudotyped HIV-Iada vims. After 2 hours at 37 "^C the infected ceUs 
were extensively washed and added to eitiier 293T-CD4-CCR5 cells or activated 
primary T cells (lOOxlC). HTV-l infection was determined after 2 days by measuring 

30 the luciferase activity. One rqncesentative experiment out of 3 is shown. Hgure4B 
shows that DC-SIGN is able to mediate capture of HIV-1 viruses pseudotyped with 
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M-tropic mV-l envelopes fsx>m diffeient primary isolates. DC-SIGN mediated 
capture was performed as described in Hg. 4A on 293T-CD4-CC3EIS cells with 
mV-luciferase viruses pseudotyped with the CCRS-spedbSc HIV-1 envelopes from 
JREL, JRCSF and fiom primary viruses 92US715.6, 92BR020.4 and 93TH966.8. 
5 One representative experiment out of 2 is shown. Hgure 4C shows that activated T 
cells are infected by HIV-l in the T cell/THP-DC-SIGN co-culture. THP-DC-SIGN 
cells were incubated with HTV-eGFP viruses pseudotyed with M-tcopic HIV-Iada ^ud 
subsequently co-cultured with activated T cells. The CD3-negative THP-DC-SIGN 
cells were not infected by HTV-l whereas the CD3-positive T cells were infected. T 
10 cells, gated by staining for CD3 (Mcolor), were positive for GEP, whereas ^ 

CD3-negative TEBP-DC-SIGN that initially captured HDIV-aFP did not express iSKP. 
One representative experiment out of 2 is shown. 

Hgure 5A-5B show that DC-SIGN enhances HIV-1 infection of T cells by actingitn 
15 trans. At a low virus load, DC-SIGN in trans is crucial for the infection of HCVr: 1 
permissive cells. THP-1 transfectants (lOQxlO^) were pre-incubated for 20 min.at 
room temperature with blocking mAb against DC-SIGN (AZN-Dl and AZN-D2; 20 
ligAml). The THP-1 were infected by low amounts of pseudotyped HIV-Iada "virus 
(Fig. 5 A) or aOi&c R5 isolates of HIV-1 (5B), Le. at the threshold of detection in a 
20 single round infection assay. After 1 hour at 37 °C the celVvirus suspension was 
direcfly added to either 293T-CD4-CCR5 or activated T cells (100x10^). The 
infecti vity was determined after 2 days by measuring the luciferase activity. One 
representative experiment out of 2 is shown. 

25 Figures 6A-6I show that DC-SIGN is expressed on DC present in mucosal tissue that 
do not express CCR5. Immunohistochemical analysis of DC-SIGN expression on 
mucosal tissue sections. Figure 6A-6C show diffraent tissue sections that were 
stained with anti-DC-SIGN mAb: cervix (Fig. 6A) rectum (Rg. 6B) and uterus (Hg. 
6C) (original magnification: 200x ). AH mucosal tissues contain DC-5IGN positive 

30 cells in the lamina propria. Staining of serial sections demonstrate that these 

DC-SIGN positive ceUs do not express CD3, CD14 and CD68. Figure 6D-6I 
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show the inununohistochetxdcal staining of s^al sections of lectum (Fig. 6D-6F) and 
uteras CRg. 6G-6I) with antibodies against DC-SIGN (Pig. 6A and 6D). CD4 (Rg. €B 
and 6E) or CCR5 CRg. 6C and 6F). 

5 Figures 7A-7C show that DC-SIGN captures HTV-l and retains long-tenn infectivity 
Figure 7A shows the time course of mV-l^ gpl20 bindiag to THP-DC-SIGN. 
DC-SIGN positive cells were incubated with gpl20 coated beads. Beads bound fox 
more than 60 hrs as detennined by FACScan analysis. Figure 7B shows that 
DC-SIGN binds HIV-1 and retains for more than four days virus that infects T cells in 

10 trans. THP/THP-SIGN cells were pulsed for 4 hours with HIV-l pseudctyped virus in 
the presence or absrace of anti-DC-SIGN antibodies (AZN-Dl and AZN-D2, 20 
|ig/ml). After washing the HIV-1 pulsed cells were cultured at 37*' C for several days. 
As a control identical amounts of virus were incubated at 37 °C in mediimi without 
cells. Every day aliquots of the HFV-l pulsed cells were added to HTV-l permissive 

15 293T-eD4-CGR5 cells in order to measure infectivity. Lysates to examine luciferase 
activity were obtained after 2 days of co-culture. Figure 7C depicts a model of HTV-l 
co-opting DC-SIGN as a francs-receptor after initial exposure. DC are the primary 
cells targeted by HIV-1 during mucosal exposure and are DC-SIGN-positive. HIV-1 
: adheres to DC^IGN via a high affimty interaction, and theiimnatuare^DC casryiiig 

20 mV-l migrates to the lymphoid tissues- Upon arrival, DC will cluster with T cells 
and DC-SIGN enhiaiices HIV-1 infectibn of T cells in trans leadihg to a productive 
and sustained infection. 

Figure 8 shows that DC-SIGN mediates capture of SIV and R5, X4. and dual tropic 
25 HIV. Viruses encoding the reporter gene luciferase were pseudotyped with envelopes 
from the CCR5 tropic strains JRFL, ADA, and JRCSF; the CXR4 tropic strmns HxB2 
and LAI; the dual tropic strain 89.6; and SIV lAll. THP or THP-DCSIGN cells were 
pulsed with these viruses^ washed^ and then added to target cells. iXLcaiGrsisc activity 
was measured as an indicator of viral infectiofi of targets. 
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Figure 9 shows that DC-SIGN mediates capture of HIV pseudotyped with envelopes 
from primary viral strains. {See Figure 8 for assay conditions; the same assay was 
performed except different viruses were examineciO 

5 Figure 10 shows the enhancraient of CXR4 tropic HIV infection of activated T cells. 
THP, THP-DCSIGN cells, DC (draidritic cells), or DC preincubated with anti. 
DCSIGN antibody, were incubated with HxB2 pseudotyped virus encoding the 
luciferase reporter gene, followed by addition of activated T cell targets. 

10 Figure 11 shows the enhancement of CXR4 tropic HTV infection of unactivated'lE! 
cells. {See Figure 10 for assay conditions; ifae same assay was performed excepts, 
unactivated T ceUs were examined). 

Figure 12 shows that binding to DC-SIGN extends the longevity of HxlB2. THPf or 
15 THP-DCSION cells were pulsed with HxB2, washed, and then added to target: cells at 
different time points as indicated following the viral pulse. **HxB2 capture virus?* 
refers to virus in medium alone. 

Figures 13A-I3B show the protease protection of HTV pseudotyped particles. Figure 
20 13A shows the results of TBDP DC-SIGN cells that were incubated on ice with- 

pseudo^ed nonreplication completent HIV JEIFL particles containing the luciferase 
reporter gene. Cells were thra washed twice and lialf the cells were shiifted to 37°C 
for 20 minutes to allow internalization, while the remaining half were maintained on 
ice. The cells were thra returned to ice and incubated with pseudotyped HEV IRFL 
25 encoding the reporter CjBPP. After washing, the cells were either treated with trypsin or 
mock treated and then incubated with 293T.CD4.CCR5 target cells. Infection by both 
HIV luciferase and HIV GFP particles was determined 48 hours post infection. Hgure 
13B is flie same as Figure 13A except the HFV particles were bound to human blood- 
derived DC. 

30 
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Figures 14A-14B show ttie intemalization of HTV gpl20-FlTC by DC-SION. THP 
cells expressing DC-SIGN were stained on ice with HIV gpl20 directly conjugated to 
EETC. Stained cells were then shifted to 3TC and aliqnots were tak^ at the indicated 
times. For each time point, cells were treated with trypsin or mock treated. Cells 
5 were then stained for surface expression of DC-SIGN to verify the effectivmess of 
protease treatment. Figure 14A is the FACS analj^ of stained TBDP DC-SIGN cells, 
Rgure 14B shows a plot of the fraction of HIV gpl20-FrrC protected from trypsin 
treatment over time. HIV gpl20-FrrC hound to THP DC^ION cells ttiat were fixed 
with paraformaldehyde prior to staining did not show protection from trypsin 
10 treatment 

Figures 15A-15B is a bar graph depicting the recycling of transferrin and HIV by THP 
DC-SIGN cells. In Rgure 15A THP DC-SIGN cells were incubated with transferrin 
on ice, washed, and then shifted to 3TC for 1 hour. Ceils were then add-stripped of 

15 any remaiiiing surface transferrin and placed in medium. At the tim^ 

aliquots of the supernatant were taken and assayed for released transferrin by EUCS A. 
After 5 hours, the amount of transferrin remaining associated with ceUs was assayed 
by pelleting the cells, lysing, and measuring transferrin by ELK A, In Hgure 15B THP 
D&SIGN cells were incubiated with HIV particles on ice and treated in the same way 

20 as in the transferrin expedbment. ReleasedHIV was measured using a p24ELISA. 

Figures 16A-16B show the intemalization of HTV particles imaged by fluorescent 
conf ocal microscopy. HTV MN particles weare bound to THP DC-SIGN cells on ice 
and free virus was washed away. Bound particles were detected using a polyclonal 
25 human serum against HTV followed by an anti-human secondary antibody conjugated 
to Cy3. In Figure 16A cells were assayed inunedialiely after staining or followmg a 4 
hour incubation at 37°C. In Figure 16B HIV was allowed to intemalizefor 1 hour at 
3TC. CeUs were then fixed, p«cm«abili2»d, and stam 
antibody against human LAMP-1, a lysosomal marker. 
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The present invenfion provides the piopeities of a dendritic cell-specific C-type lectin, 
DC-SIGN, that is highly expressed on dendri.tic cells (DC) present in mucosal tissues 
and binds to the HTV-l envelope glycoprotein gpl20. DC-SIGN does not function ss 
a receptor for viral entry into DC, but instead promotes efficient infection in trans of 
cells that express CD4 and chemokine receptors, bideed, DC-SION, which is highly 
expressed on DC present at mucosal sites, specifically captures HIV-1 and promotes 
infection in trans of target cells that express CD4 and an appropriate chezzioldne 
receptor(s). These findings demonstrate that during transmission of HIV-1, the virus 
initially binds to mucosal DC by way of DC-SIGN, allowing subsequent transport to 
secondary lymphoid organs and highly efficient infection of CD4'*' T cells by a novel 
trojis infection mechanism. . -^m- /-h^^,.. 

These results predict a model in which DC-SIGN rffidently captures HIV-l in the 
periphery, facilitates its transport to sites in secondary lymphoid organs rich in X cells, 
and enhances infection in trans of these target cells. These studies indicate that^the 
interaction between DC-SIGN and gpI20 is an important target for therapeutic 
intervention and vaccine development, .. . 

The present invention therefore provides a greater understanding of the mechanism 
through which HTV and SIV gain entrance into target cells. It has been known that the 
virus binds to CD4 with the aid of a chemokine receptor (such as CCR5 or CXCR4) 
and that cyclin T is involved Now, with the present disclosure it is possible to 
describe the biochemical events involved from the initial contact of the virus with the 
peripheral mucosal tissues througji to the initiation of fusion between the viral 
envelope and the cellular plasma membrane. This, in turn, allows die construction of 
drug screening assays to identify compounds that can interfere with these processes 
and thereby prevent or treat AIDS. Ttese findings also now allow the development of 
small animal models for HIV infection, thus providing a better understanding of the 
pathogenesis of AIDS as well as a system for testing potential therapies. Indeed, such 
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animal models, wliich heietofoxe have not been avaOable, allow testing of drugs in an 
animal system pcior to hxmian tzials. 

The inhibition of HIV-1 infection observed in the presence of anti-DC-SIGN 
5 antibodies indicates that interfering with the gpl20-DC*SIGN intemction either during 
the capture phase of DC in the mucosa or during DC-T cell interactions in lymphoid 
organs could inhibit dissemination of the virus. Small molecule inhibitors, potentially 
carbohydrate-based, that block the ability of gpl20 to bind to DC-SIGN may be 
effective in prophylaxis or therapeutic int^ention. Vaccine strate^es aimed at 

10 eliciting mucosal antibodies that iuhibit gpl20 binding to DC-SIGN^ may also be 
efficacious in preveating early establishment of infection. Ihe ef&cacy of gpl20 
vaccines has been measured as a function of the levels of neutralizing antibodies that 
inhibit HIV entry through eD4 and CCR5, The present results mdicate that levels of 
antibodies.that-block virus binding to DC-SIGN or the DC-SIGN-mediated 

13 enhancement of infection could also be predictive of protection. 

Furthermore, based on the data disclosed in Example 2, it spears that HIV interaction 
with DC-SIGN results in the uptake of HIV into a specialized endosomal 
compartment, where the virus can be protected from enzymatic inactivationv & 

20 addition, the viral envelope glycoprotein appears to imdergo a conformational change 
in this recycling endosomal compartment, that enhances the fusogenic activity of HIV. 
This may be a consequence of an icceversible pH-induced conformational change, for 
which there are precedents in influenza and avian leukosis virus; or of interactions 
with other molecules within the recycling endosomes. These results could also 

25 explain why HtV exposed to DC-SIGN-expressing cells is more infectious than the 
HIV exposed to control cells. Because dendritic cells (and TUP cells) cannot be 
readily infected by way of CD4 plus chemokine receptor, the enhanced fusogenic 
activily of the virus would be demonstrsited in trans^ (oil target T cellsX after it is 
xecycled to the sur&ce of the DC-SIGN-expressing dmddltic cell. 

30 
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Therefore, the present invention provides compounds ftat intetf^e with 
interoalization of HIV after binding to DC-SION (DCS) on dendritic cells and other 
cells. Compounds that inhibit of this internalization process reduce the ability of virus 
to survive the host environment, and thereby can act as a prophalactic against HIV 
5 infection and are included in the present invention. 

Various terms ace used in the specification, which are defined as follows: 

The term "translocation promoting agent" is used herein interchangeably with the 
10 terms "translocating promoter", "translocating promoting agent" and "translocating 
promoting protein", and refer to receptor protons found on, or in membranes: ofcCa34"*' 
cells that interact with and/or in conjunction in "ds" with CD4 (the human protein 
having the amino acid sequence of SEQ ID NO:3) in HIV and/or SIV translaoatidnss^?**. 
into the cell. Two translocation promoting i^ents exemplified in the present invention 
15 are CXCR4 (the human protein having the amino acid sequence of SEQ ID NO:4) and 
CCR5 (the human protein having the amino add sequence of SEQ ID NO:5). There 
are at least six "known" members of the chemokine receptor family that have been 
shown to function in HTV-l entry in cis with CD4 (i.e., known human translocation 
promoting agents) CCR5, CXCR4, CCR2b, CCR3, Bonzo (SEQ.ID NO:9) and BOB 
20 (SEQIDNOrlO). 

As used heran the term "conformer'' is used interchangeably with the term 
"conformer of HTV envelope glycoprotein" and is a HIV glycoprotein (e.g., gpl20- 
gp41) that has assumed a novel confomiation and/or related characteristic (e.g., 
25 charge) due to direct interaction with DC-^IGN, and/or as a consequence;Of being 
endocytosed into an endosome, and/or as a consequence of being placed into an 
environment that mimics the effect of an endosome on the HIV glycoprotein. 

As used herein a factor that acts with a second factor to aid in the entry of HTV into a 
30 cell is said to act in "cis" when the factor is in the same membrane as the other factor, 
whereas a factor that acts with a second factor to aid in the entry of HIV into a ceU is 
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said to act in 'Hrans" when tibe factor is in a different membrane than the other factor. 
Ihus CD4 and CCR5 are both present in the T cell mendxrane and act in "cis", 
whereas DC--SION is present in the dendritic cell membrane and therefore acts in 
**trans'* relative to either CD4 or CCR5. 

5 

As used herein, and unless otherwise specified, the terms "agent", "potential drug", 
"compound", **test compound" or "potential compound" are used interchangeably, 
and refer to chemicals which potentially have a use as an inhibitor of HIV infection 
and/or for use in a treatment/jprevention of AIDS. Therefore, such "agents", "potential 
10 drugs", "compounds" and "potential compounds" may be used, as described herein, in 
drug assays and drug screens and the lilce. 



As used herein a "small organic mblecule" is an organic compound, iocludtng^a 
peptide [or organic: compound complexed with an inorganic compound (e,g,, metal)] 
15 that has a molecular weight of less than 3 Kilodaltdns. Such small organic molecules 
can be included as agents, etc. as defined above. 



A molecule is "antigenic" when it is capable of specifically interacting with an antigen 
recognition Molecule of the immunesy^ 

20 T cell antigen receptor. An antigenic polypeptide contains at least about 5, and 

preferably at least about 10, amino acids* An antigenic portion of a molecule can be 
that portion that is immunodominant for antibody or T ceD receptor recognition, or it 
can be a portion used to generate an antibody to the molecule by conjugating the 
antigenic portion to a carrier molecule for immimization. A molecule that is antigenic 

25 need not be itself inmmnogemc, te., capable of eUcdting an immune response without 
a carrier. 

A coniposition comprising "A" (where "A" is a single protein, DNA molecule, vector, 
recombinant host cell, etc.) is substantially fcee of ''B" (where "B" cdmpiises one or 
30 more contaminating protons, DNA molecules, vectors, etc.) when at least about 75% 
by weight of the proteins, DNA, Vectors (depending on the category of species to 
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which A and B belong) in the composition is "A". Pieferably, "A" con5)rises at least 
about 90% by weight of the A+B species in the composition, most pieferably at least 
about 99% by weight. It is also piefraed that a composition, which is substantially 
&ee of contamination, contain only a single molecular weigjit species having the 
5 activity or characteristic of the species of interest. 

The phrase "phannaceutically acceptable" refers to molecular entities and 
compositions that are physiologically tolerable and do not typically produce an 
allergic or similar untoward reaction, such as gastdc upset, dizziness and the like, 

10 when administered to a human. Preferably, as used herein, the term "pharmaceutically 
acceptable" means approved by a regulatory agency of the Federal or a state 
govOTiment or listed in the U.S. Pharmacopeia or other generally recognized 
pharmacopeia for use in animals, and more particularly in humans. The tenEbrpa^iigr^' 
refers to a diluent, adjuvant, excipient, or vehicle with which the compoimd is re 

15 administered. Such pharmaceutical carders can be stedle liquids, such as water, and 
oils, including those of petroleum, animal, vegetable or synthetic origin, such asr 
peanut oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous 
solution saline solutions and aqueous dextrose and glycerol solutions are preferably 
employed as carriers, particularly for injectable solutions? Suitable pharmaceutical 

20 carriers are described in "Remington's Pharmaceutical Sciences" by E.W, Martin. 

The phrase "therapeutically elffective amount" is used herein to mean an amount 
sufficient to reduce by at least about IS percent, preferably by at least 50 percent, 
more preferably by at least 90 percent, and most preferably prevent, a clinically 
25 significant deficit in the activity, function and response of the host. Alternatively, a 
therapeutically effective amount is sufficient to cause an improvement in a clinically 
significant condition in the host 

In a specific embodiment, the term "about" means within 20%, preferably within 10%, 
30 and more preferably within 5%. 
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NncHp Aqjdg and Proteins 
The psiesent invention contemplates the use of the nucleic adds encoding DC-SION 
encoding the human protein having tbie amino acid sequence of SBQ ID NO:2) 
and encoding fragments thereof including chimeric/fusion proteins. In a prefened 
5 embodiment the nucleic acid encodes a soluble fonn/poxtion of DC-SIGN. Similarly, 
the present invCTtion also contemplates the use of the nucleic acids encoding the 
translocating promoters, cyclin T (e.g,^ encoding the human protem having the amino 
acid sequence of SEQ ID NO:6) and CD4. These nucleic acids can be used for 
example, to make transgenic animals that contain the human homologs of such 
10 proteins, thereby making a transgenic animal susceptible to HIV infection. The use of 
the proteins, fragments thereof including chimeric/fusion proteins are also part of the 
present invention. 

In accordance with the present invention there may be employed conventional 
15 molecular biology, microbiology, and recombinant DNA techniques within the skill of 
the art. Such techniques are explained fully in the literature. See, e.g. , Sambrook, 
Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition 
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (hCTein 
. -Sanabrook et aliiil989");-jDm CUming: A Practical Appraiacft, Volumes I aiid IT 
20 (DJ>J. Glover ed. 1985); Oligonucleotide Synthesis (MJ. Gmt ed. 1984); Nucleic Acid 
Hybridization [B J). Haines & S.J. Higgins eds. (1985)]; Transcription And 
Translation [B J>. Hames & SJ. Higgins, eds, (1984)]; Animal Cell Culture [R.L 
Freshney, ed. (1986)]; Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, 
A Practical Guide To Molecular Cloning (1984); F.M. Ausubel et al, (eds.). Current 
25 Protocols in Molecular Biology, John "^ey & Sons, Inc. (1994). 

Therefore, if appearing herein, tte following terms shall have the defixiitions set out 
below. 

30 A "vector** is a replicon, such as plasmid, phage, virus, or cosmid, to which another 
DNA segment may be attached so as to bring about the replication of the attached 
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segment A "replicon" is any genetic element {e.g.^ plasmid, chromosome, virus) that 
functions as an autonomous unit of DNA replication in vivo, ie,, capable of 
replication under its own control. 

5 A cell has been "transfected" by exogenous or heterologous DNA whm such DNA 
has been introduced inside the cell. A cell has been "transformed" by exogenous or 
heterologous DNA when the transf ected DNA effects a phenotypic change. 
Preferably, the transf onning DNA should be integrated (covalenfly linked) into 
chromosomal DNA making up the graome of Ihe celL 

10 

"Heterologous" DNA refers to DNA not naturally located in the cell, or in a . - - . 
chromosomal site of the cell. Preferably, the heterologous DNA includes a gene 
foreign to the cell. 

15 A "nucleic acid molecule" refers to the phosphate ester polymeric form of 

ribonucleosides (adenosine, guanosine, uridine or cytidine; "RNA molecules") or 
deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine, or ;. 
deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such as 
phosphorothioates and thioesters, in either single stranded form, or a double-stranded 

20 helix. Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices are possible. 
The term nucleic acid molecule, and in particular DNA cm: RNA molecule, refers only 
to the primary and secondary structure of the molecule, and does not limit it to any 
particular tertiary forms. Thus, this term includes double-stranded DNA found, inter 
alia^ in linear or circular DNA molecules (^.g., restriction fragments), plasmids, and 

25 chromosomes. In discussmg die structure of particular double-stranded DNA 

molecules, sequences may be described herein according to the normal convention of 
giving only the sequence in the 5' to 3' direction along the nontranscribed strand of 
DNA the strand having a sequence homologous to the mRNA). A "recombinant 
DNA molecule" is a DNA molecule that has undergone a molecular biological 

30 manipulation. 
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A nucledc acid molecule is "hyhridizable" to another nucleic acid molecule, such as a 
cDNA, genomic DNA, or RNA» when a single stranded form of the nucldc acid 
molecule can anneal to the other nucleic acid molecule under the appropriate 
conditions of temperatme and solution ionic strength {see Samhrook et al., suprd). 
5 The conditions of temperature and ionic strength determine the "stringency" of the 
hybridization. For preliminary screening for homologous nucleic acids, low 
stringency hyhjidizatlQn conditions, corcesponding to a T,n of 55 ° , can be used, e.g. , 
5x SSC, 0.1% SDS, 0.25% miDc, and no formamide; or 30% foimamide, 5x SSC, 
0.5% SDS). Moderate stringency hybridization conditions correspond to a higher T„, 
10 e.g., 40% formamide, wifli 5x or 6x SCC. High stringency hybridization conditions 
correspond to the highest T„, e.g., 50% foimamide, 5x or 6x SCC. Hybridization 
requires that the two nucldc acids contain complemmtaiy sequences, although 
dq)ending on the stringency of the hybridization* mismatchesf between-bases ate 
possible. The. appropriate stringency for hj^mdizing nucleic acids depends on the 
15 length of the nucleic acids arid the degree of complemmtatiori, variables well known 
in the art. .The. greatec the degree of similarity or homology between two nucleotide 
sequences, the.greater the value of for hybrids of nucleic arids having those 
sequences. The relative stability (corresponding to higher T J of nucleic acid 
hybricfiisatidris d^reasesiB the:fonbwing ordetr.^I^^ 
20 For hybrids of greater than 100 nucleotides in lengthy equations for calculating T„ 
have been dmved {^ee SmSHmiM et al., stq>ra, 9:50«10,51). For hybridization with 
shorter nucleic acids, oligonucleotides^ the position of mismatches becomes more 
important, and the length of the oligonucleotide detcnnines its specificity {see 
Sambrook et al., supra, 11.7-11,8). Preferably a mtnimii^ length for a hyhridizable 
25 nucleic acid is at least about 18 nucleotides; preferably at least about 36 nucleotides; 
and more preferably the lengtii is at least about 48 nucleotides. Such nucleic adds can 
be.used as primers or nucleic acid probes for the nucleicacids encoding the 
translocation promoting agents of the preset invention. 

30 In a specific embodunent, the term "standard hybridization conditions" refers to a Tj„ 
of 55 '^C, and utilizes conditions as set fortii above. In a preferred embodiment, the T„ 
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is 60°C; in a moie piefOTced embodiment, the T„ is 65 "^C. 

"Homologous lecombination" as used herein lefers to one method of inserting a 
foreign DNA sequence of a vector into chromosome. The vector targets a specific 

5 chromosomal site for homologous recombination. For spedjBc homologous 
recombination, the vector will contain sufficiently long regions of homology to 
sequences of the chromosome to allow complemCTtary binding and incorporation of 
the vector into the chromosome. Longer regions of homology, and greater degrees of 
sequence similarity, may increase the efficiency of homologous recombination. 

10 . 
A DNA "coding sequence" is a double^tranded DNA sequence which is transc^hed 
and translated into a polypeptide in a cell in vitro or in vivo when placed under the 
control of appropriate regulatory sequences. The boundaries of the coding^sjiquca^'? ^ 
are determined by a start codon at the 5 ' (amino) terminus and a translation stop::. 

15 codon at the 3' (carboxyl) terminus, A coding sequence can include, but is not hmited 
to, prokaryotic sequences, cDNA from eukaryotic mKNA, genomic DNA sequences 
ftom eukaryotic {e.g. , marmnalian) DNA, and even synthetic DNA sequences. If the 
coding sequence is intended for expression in a eukaryotic cell, a polyadenylation 
signal and transcription termination sequaice will usually be located 3' to the coding 

20 sequence. 

Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, traninators, and the liloe, that provide for the e>^ression 
of a coding sequence in a host cell. Ih eukaryotic cells, polyadenylation signals are 
25 control sequences. 

A "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiating transcription of a downstream (3' direction) coding 
sequence. For purposes of defining the present invention, the promoter sequence is 
30 bounded at its 3' terminus by the transcription initiation site and ejctends upstream (5' 
direction) to include the TnininmiTn number of bases ot elemmts necessary to initiate 
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transdiptioii at levels detectable above baclsground. Within the promoter sequeoace 
will be found a transcdption initiation site (conveniently defined for example, by 
mapping with nuclease SI), as well as protein binding domains (consensus sequences) 
responsible for the binding of RNA polymeacase, 

5 

A coding sequrace is "under the control" of transcriptional and translational control 
sequences in a cell when RNA polymerase transcribes the coding sequence into 
mRNA, which is then trans-RNA spliced and translated into the protein encoded by 
the codiag sequence. 

10 

A "agnal sequence" is included at the begiraiing of the coding sequence of a protein to 
be secreted or expressed on the surface of a cell. This sequmce encodes a signal 
peptide, N-tenninal to the mature polypeptide, that directs* the faostt:ell to translocate 
the polypeptide. The tenn "translocation signal sequence*' is used herein to refer to 
IS this sort of signal sequence. Translocation signal sequences can be folmd associated 
with a variety of proteins native to eukaryotes and prokaiyotes, and are often 
functional in both types of organisms. 

- As used hereinivthe tenn-*:sequence homology" -in allite^^ refers to 

20 the relationship between proteins that possess a "common evolutionary origin," 
including proteins firoin supecF amiUes (^.g., tibe immunoglobulin superfamily) and 
homologous proteins from different species (e.g.^ myosin li^t chain, etc.) (Reeck et 
al., 1987, Cell 50:667). 

25 A "heterologous nucleotide sequence" as used herein is a nucleotide sequence that is 
added to the nucleotide sequence of a nucleic acid of the present invention by 
lecombinant methods to fdrm a nticleiG acid which is not naturally formied in inature. 
Such nucleic acids can encode fusion, (e.g. chimeric) proteins. Thus the heferblogous 
nucleotide sequence can encode peptides and/or proteins which contain regulatory 

30 and/or structural properties. In another such embodiment the heterologous nucleotide 
sequence can encode a protefaa or peptide that fimctioiis as a mea^ 
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piotein or peptide encxxJed by the nucleotide sequence of the present invention after 
the recombinant nucleic acid is expressed. Jn still another embodiment the 
heterologous nucleotide sequence can function as a means of detecting a nucleotide 
sequence of the present invention. A heterologous nucleotide sequence can comprise 
5 non-<oding sequences including restriction sites, regulatory sites, promoters m 

lilOB. 

As used herem the terms **fasion protein" and *fusion peptide" are used 
interchangeably and encompass "chimeric proteins and/or chimedp peptides'* and 

10 fusion "intein proteins/peptides". A fusion protein comprises at least a portion of a 
particular protdn of the present invention such as DC-SIGN joined via a peptide;bond 
to at least a portion of another protein or peptide in a chimeric fusion protein, hi 'a 
particular embodiment the portion of the DC-SIGN is antigenic. For exampfe-fu^igqr-j.. 
proteins can comprise a m^rfrer protein or peptide, or a protein or peptide thatiaids in 

15 the isolation and/or purification of DC-SIGN. 

In a specific embodiment, two DNA sequences arc "substantially homologous" or 
"substantially similar" when at least 50% (preferably at least 75%, and most preferably 
at least 90 to 95%) of the nucleotides match over the defined length of the DNA . 

20 coding sequences. Sequences that are substantially homologous can be identified by 
comparing the sequences using standard software available in sequence data banks, or 
in a Southern hybridization experiment under, for example, stringent conditions as 
defined for that particular systenL Defining appropriate hybridization conditions is 
within the sldll of the art See ag., Maniatis et oL, supra; DNA Cloning, Vols. I & H, 

25 ^2^ra; Nucleic Acid Hybridization, JMpra. 

Similarly, in a particular embodiment, two amino acid sequences are "substantially 
homologous" or "substantially similar" when greater than 75% of the amino acids are 
identical, or preferably greater than about 90% are identical. Preferably, the similar or 
30 homologous sequences are identified by alignment using, for exanq>le, the GCG 
(Genetics Conq)uter Group, Ptogcam Manual for the GCG Package, Version 7, 
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Madison, Wisconsin) pilei^ program using the default parameters. 

Hie temi "corresponding to" is used herein to refer similar or homologous sequmces, 
more preferably substantially similar or substantially homologous sequences, whether 
5 the exact position is identical or different from the molecule to which the similarity or 
homology is measured. The term "corresponding to" r^ers to the sequence similarity, 
and not the mmibering of the amino acid residues or nucleotide bases. 

Expression of Nucleic Acids/Recombinant Prote^Ti^ 
10 A nucleic acid encoding DC-SIGN, or a translocation promoting agent, or CD4, or 
cyclin T, or antigenic firagment, derivative or analog thereof, including a chimeric 
protein, thereof, can be inserted into an appropriate expression vector, te.^ a vector 
which contains the necessary elements for the transcription' and translatron of the 
insertedprotein^coding sequence. Such elements include a "promoter." Such a 
15 nucleic acid can be operationally associated With a promoter in an expression vector 
of the invention. Both cJ>NA and gnomic sequences can be cloned and expressed 
under control of such regulatory sequences. An expression vector also preferably 
includes a xeplication origin. 

20 The necessary transcriptional and tcanslariozial signals can be provided on a 

fecombjn^t e?q>re5sion vector, or they may be supplied by the native gene encoding 
the protein and/or its flanking regions. 

The present invention also relates to nucleic acids encoding analogs and derivatives of 
25 the DC-SION. The production and use of derivatives and analogs are within the scope 
of the present invention. In a specific embodiment, the derivative or analog is a 
soluble fragment of DC-SION that is capable of inhibiting the HIV gpl20-DC-SIGN 
interaction. 

30 Dfflvatives of DC-SIGN can be made by altering nucleic adds encoding DC-SIGN by 
substitutions, additions or deletions that provide for functionally modified rnolecules. 
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Preferably, derivatives are jBade that interfere wife Such draivatives 

may encode soluble fragments of the extracellular domain of DC-SIGN that retain an 
affinity for an HIV or SIV envelope protein. Such soluble derivatives may be potent 
inhibitors of HIV or SIV binding. 

5 

Due to the . degeneracy of nucleotide coding sequences, other DNA sequences which 
encode substantially the same amino acid sequence as DC-SIGN may be used in the 
practice of the present invention. These include but are not limited to allelic genes, 
homologous genes from other species, and nucleotide sequmces comprising all or 

10 portions of DC-SIGN which &re altered by the substitution of different codons: that 
encode the same amino acid residue witiun the sequence, thus producing a silent* . : . 
change. Likewise, DC-SIGN derivatives of the invention include, but are not limited 
to, those containing, as a primary amino acid sequence, all or part of the amiiiOTaciifc''*^ \ 
sequence of DC-SICSN including altered sequences in which functionally equivalent 

IS amino acid residues are substituted for residues within the sequence resulting.in:one or 
more conservative amino acid substitutions. For example, one or more amino acid 
i^sidues within the sequence can be substituted by another amino acid of a similar 
polarity, which acts as a functional equivalent, resulting in a silent alteration. 
Substitutes for an amino add within the sequence may be selected from other 

20 members of the class to which the amino acid belongs. Such substitutions are defined 
herein as conservative substitutions. For example, the nonpolar (hydrophobic) amino 
acids include alanine, leucine, isoleucine, valine, prohne, phenylalanine, tryptophan 
and methionine. Amino acids containing aromatic ring stmctures are phenylalanine, 
tryptophan, and Qrosine. The polar neutral amino acids include glycine, serine, 

25 threonine, cysteine, tyrosine, asparagine, and gjutarnine. The positively charged 
(basic) amino acids include arginine, lysine and histidine. Ihe negatively charged 
(acidic) amino adds include aspartic add and glutamic acid. Such alterations will not 
be expected to affect apparent molecular weight as determined by polyacrylamide gel 
electrophoresis, or isoelectric point. 

30 
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Particularly preferred substitutions are: 

- Lys for Arg and vice versa such that a positive charge may be maintained; 

- Glu for Asp and vice versa such that a negative charge may be maintaiaed; 

- Ser for Thr such that a fi:ee -OH can be maintained; and 
5 - Oln for Asn such that a free NH^ can be maintained. 

Nucleic adds encoding DC-SIGN derivatives and analogs of the invention can be 
produced by various methods known in the arL The manipulations which result in 
their production can occur at the gene or protein level. For example, the cloned DC- 

10 SIGN sequence can be modified by any of numerous strategies known in the art 

(Sambrook et al., 1989, supra). The sequence can be cleaved at appropriate sites with 
restriction endonuclease(s), followed by farther enzrymatic modification if desired, 
isolated, and ligated in vitro. In flie production -of the nucldcacid encoding a* 
derivative or analog of DC-SIGN care should be taken to ensure that tiie modified 

15 nucleic acid remains witlun the same translational reading frame unintermpted by 
translational stop signals^ in the region where the desired activitjr is needed. 

AdcHtionaHy, a nucleic acid encoding DC-SIGN can be mutated in vitro or in vivo, to 
create and/6r destroy dfanslation, Mtiafiouy an^^ or to create 

20 variations in coding regions and/or form new restriction endonuclease sites Ofr destroy 
preexisting ones, to f aciHfiate furflier in vitro modification. Preferably, such mwtations 
diminish the ability of dectdritic cells to transport HFV, Any technique for 
mutagenesis kaown in the art can be used^ including but not limited to, in vitro site- 
directed mutagenesis [Hutchinson, et oL, J. Biol Chem. 253:6551 (1978); Zoller and 

25 Smith, DJVA 3:479-488 (1984); Ohphant etal,. Gene 44:177 (1986); Hatchinson et 
a/.,. Proc. Natl Acad ScL KS^. 83:710 (1986)], use of TAB® linkers (Pharmacia), 
etc. PGR techniques are pieferred for site ditepted mutagenesis [see lBiffidbi, ^Using 
PGR to Btigmeer DNA-^ in PCIJ Tec/wpteg^^^ 

Amplification, H. Eriich, ed, Stockton Ptess, CSiapter 6, pp. 61-70 (1989)]. Hie 
30 identified and isolated nucleic acid can tiien be inserted into an appropriate cloning 
vector. Any of a large number of vector-host systems known in the art may be used. 
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Potential chimeric partners for DC-SIGN can include, other transmembrane domains, 
or a domain for modification with a phospholipid anchor. Indeed, all of the 
proteins/fragments of the present invention can be modified by being placed in a 
fusion or chimeric peptide or protein, or labeled to have an N-tenninal ELAG- 
5 tag, or H6 tag. In a particular embodiment DC-SIGN can be modified to contain a 
marker protein such as green fluorescent protein as described in U.S. Patent No. 
5,625,048 fned April 29, 1997 and WO 97/26333. published July 24, 1997 each of 
which are hereby incorporated by reference herein in their entireties. 

10 Potential host-vector systems include but are not limited to mammalian cell systems 
infected with virus (e.^., vaccinia virus, adenovirus, etc.); insect ceU systenQS.rinfected 
witti vims (e.g, , baculoviras); microorganisms such as yeast containing yeast vectors; 
or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosnnd:B!6B%.r^^^ , 
The expression elements of vectors vary in their strengths and specificities. r:z. 

15 Depending on the host-vector system iidlized, any one of a nuniber of suita^^ -:r 
transcription and translation elements may be used. 

A recombinant protein of the presCTt invention, or fiagment, derivative, chimeric 
constract, or analog thereof, may be expressed chromosomallyi ^after integration-of the 
20 coding sequence by recombination. In this regard, any of a number of amplification 
systems may be used to achieve hi^ levels of stable gene expression (See Sambrook 
et al., 1989, supra). 

The cell into which the recombinant vector comprising the nucleic acid is cultured in 
25 an appropriate cell culture medium under conditions that provide for expression of the 
protein by the cell. Any of a numb^ of methods may be used to constract expression 
vectors containing a gene consisting of appropriate transcriptional/translational control 
signals and the protein coding sequences. These methods may include in vitro 
recombinant DNA and synthetic techniques and in vivo recombination (genetic 
30 recombination). 
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Expression of a nucleic add of flie present invention may be controlled by any 
promotei/enhancer element known in tbe ait, but these regulatory elements must be 
functional in the host selected for ejqpression. In one embodiment a translocation 
promoting agent is under the control of flie CD4 enhancei/promotei/silencesr, as 
5 described pCilleen et ah EMBO 12:1547-1553 (1993)]. 

A wide v^ety of host/expression vector combinations may be employed in 
expressing the DNA sequences of this invration. In addition, a host cell strain may be 
chosen which modulates the expression of the inserted sequences, or modifies and 
10 processes the gene product in the specific fashion desired. Different host cells have 
characteristic and specific mechanisms for the translational and post-tcanslational 
processing and modification of protdns, glycosylation, or cleavage of a signal 
sequence for example. Appropriate cen lines at host sy^tems^c be chosen to ensure 
the desired modification and processing of the foreign protein expressed. For 

15 e:jQamplei expression in a bacterial system can b? used to produce an nonglycosylated 
core protein product. However, DC-SIGN expressed in bacteria may not be properly 
folded. Expression in yeast can produce a glycosjdated product. Expression in 
eukaryotic cells can increase the Ifitelihood of "native" glycosylation and folding of a 
hieterQiogousjprotein.. Moreover, eKfros^on Sn-m cells^c^pjdvide a tool for 

20 reconstituting, or constituting, translocation promoting activity. Rtfthepnore, 
different veetor/hdst expression systetns may ^ect proces^g reactions, such as 
proteolytic cleavages, to a different extent 

Vectors are introduced into the desned host cells by methods known in the art, 
25 transfection, electroporation, microinjection, transduction, cell fiision, DBAB dextran, 
calcium phosphate precipitation, lipofection Gysosome fiision), use of a gene gun, or a 
DNA vector transporter [^e^, e.g., Wu et aU J: Biol Chem. 2«7:963-967 (1992); Wu 
and Wu, J. Biol CheffL 263:14621-^14624 (1988); Hmmutetal, Canadian Patent 
AppHcation No. 2,012,311, filed March 15, 1990]. 

30 

DC-SIGN expressed as an integral membrane protein can be isolated and purified by 
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Standard methods. Generally, the integral membiane protein can be obtained by lysing 
the membrane wifh detergents, such as but not limited to, sodium dodecyl sulfate 
(SDS), Triton X-100, nonidet P-40 (NP-40), digoxin, sodium deoxycholate, and the 
like, including mixtures thereof. Solubilization can be enhanced by sonication of the 
5 suspension. Soluble forms of the protein can be obtained by collecting culture fluid, 
or solubilizing inclusion bodies, by treatment with detergent, and if desired 
sonication or other mechanical processes, as described above. The solubilized or 
soluble protein can be isolated using various techniques, such as polyacrylamide gel 
electrophoresfe (PAGE), isoelectric focusing, 2-dimensional gel electrophoresis, 

10 chromatography ion exchange, affinity, immunoafGnity, and sizing column- 
chromatography), centrifugadon, differential solubility, immunopiecipitation^ priby 
any other standard technique for die purification of ptotdns. Soluble forms of the 
gpl20 binding portion of DC-SIGN can also be obtained through proteolysis ^md/^J^:^ 
expression of the extraceUular domain ininus the transineiiibrane doniains. 

15 ■ 
h consequence of the present results is that mutations in DC-SIGN could result in 
either loss of binding of gpl20 or in loss of a conformational change in envelope 
glycoprotein after binding (such that fusogenic activity of gpl20 would be 
compromised) would protect an individual jGrom transmission of infection or from 

20 progression to disease. Therefore, the present invention provides a test for 

polymorphisms in the DC-SIGN gene to predict an individual's predisposition to 
infection and disease progression. The polymorphisms that are protective are also part 
of the present invention {see PCT/US97/13946, Landau et aL, where such a CCR5 
variant was idratified) 

25 

Thacefore, the presmt invention includes mutations in the DC-SIGN gene that protect 
individuals from HIV infection as well as tiie means of detecting these variants. 
Methods of screening for sudi mutations can be performed either by genetic 
approaches or by cellular approaches. One genetic approach uses PCR-based analysis 
30 to amplify a segment of the DC-SIGN gene. The amplified nucleic acid can then be 
sequenced or analyzed using gel mobility (which can detect single strand 
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conformational polymorphisms). The results obtained are then compared to the same 
segment from a wild-type gene. Arcplification of any of the 7 coding exons and the 
flanking intron/exon borders, of the 5' non-coding and 3' non-coding exons of the 
gene encoding DC-SIGN and/or of the promoter will identify such mutant alleles. 

5 

Alternatively, a cellular approach is to obtain p^pheral blood mononuclear cells from 
individuals. These cells are then cultured for 2*6 days in GM-CSFandIL/4 so as to 
differentiate into immature dendritic cells. The dradritic cells can then be (i) stained 
with anti-DC-SI(3N antibody; (ii) stained with a comWnation of soluble gpl20 and 

10 labeled anti-gpl20 antibody or soluble CD4; and/or (iii) affiled to the 

capture/CThancement assays described herein with reporter virus and target cells. In 
the jBrst case, (i) cells that lack DC-SIGN will not stain with a detectable anti-DC- 
SIGN antibody, whereas, ceHs eitherladdng DC-SIGN or encoding amutant DC- 
SIGN can be identified for lack of binding to gpl20 (ii) or inability to cfqpture^enhance 

15 HIVinfectivityCiii). 

Antibodies to Proteins of the Prese nt invention 
According to the invention, DC-SIGN, or a translocation promoting agent, or CD4, or 
cydin T producedrecombinaatly or by cheMcd^^y^ and feagments or-other 

20 derivatives or analogs thereof, including fusion proteins^ may be used as an 

immtmogeii to generate Itntibodies that recognize the protein or a particular epitope of 
the protein. Such antibodies include but are not limited to polyclonal, monoclonal, 
chimeric, single chmn. Fab fragments, and an Fab expression library. The antibodies 
of the invention noiay be cross reactive, they may recognize antigens from 

25 different species- Polyclonal antibodies have greater Ekelihood of cross r^ 
Alternatively, an antibody of the invention may be specific for a srugle form of a 
protein, such as tt& being spedfic for human DC-SIGN, or an epitope thereof. 

In a particular embodiment, the site on gpl20 that binds to DC-SION can be used as 
30 the basis for an immunogen to elicit antibodies that prevent binding to DC-SIGN. A 
vaccine that elicits limcpsal ^tibody responses as well as generalized humoral 
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responses against gpl20 can prevent binding of HIV to DC-SIGN and, therefore, limit 
infection of T-cells. Ahtibodiies ttiat prevent HIV binding to DC-SIGN or DC-SIGN- 
mediated enhancement of target cell infection are lixerefore part of flie invention. Such 
antibodies would preferably inhibit across viral claides and mhibit broadly within viral 
5 clades. These antibodies aie in contract to antibodies that are neutralizing (ie., inhibit 
infection of target cells with high concentrations of HDTV) and which have not been 
shown to be broadly neutralizing ia humans. Vaccine vectors that preferentially elicit 
mucosal antibody responses reconobinant salmonella vectors) would constitute 
one approach, particularly if the site on gpl20 required for bmding to DC-SIGN does 
10 not require glycosylation. 

One particular approach is to deliver j&agments of gpl20 that contain the PC-SIGN 
binding site to mucosal surfaces in appropriate adjuvants- In addition, a DC^^IGJI^^ - 
altered form of envelope protein can be used as a candidate vaccine for eliciting^; 

15 humoral responses {te,, a novel form of a fusion-competent envelope vaccine). Thus, 
the present invmtion provides a complex of DC-SIGN with monomeric gpl20 or 
gpl40 ofigomers as an immuno^ to elicit broadly-neutralizing antibodies that will 
bind to DC-SIGN-induced epitopes on the envelope glycoprotein and thus block the 
trans-enhancement of infection. Antibodies raised by suchmeans are more likely to 

20 inhibit DC-SIGN-enhanced infection of target cells than DC-SIGN-independent 
infection. 

DC-SIGN can also be used as an immunogen to elicit anti-DC-SIGN antibodies that 
block binding of HIV. A soluble form of DC-SIGN, which has been modified to 
25 prevent its ability to rahance viral aitry (due to loss of binding to gpl20 or to loss of 
trans-enhancement function after binding to gpl20), can be used as the immunogeiL 

In a specific embodiment, an antibody of the invention is specific for a naasked 
epitope on gpl20 that is exposed on binding to DC-SIGN, lii another enibodimfint, an 
30 antibody of tiie invention is specific for an epitope created by the binding of DC-SIGN 
and HIV to a tranuslocation promoting agent and/or CD4. For example, the binding of 
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mV envelope protein to CD4 induces a cx)nfoniiational change in gplEK) or gpl30» 
which results in an increased affinity of gpl20 or gplSO for the translocating 
promoter, and possibly a concomitant unmasking of a translocating promoter epitoi)e. 
Similarly, the binding of DC-SIGN to gpl20 or gpl30 also has the same effect. Such 
5 antibodies can be selected on the basis of binding under conditions of HIV or SIV 
binding to DC-SIGN, e.g., at 4°C to inhibit binding, and screened for non-binding to 
fiee DC-SIGN. 

Various procedures known in the art may be used for the production of polyclonal 
10 antibodies to DC-SIGN fca: example, or derivative or analog thereof. For the 

production of antibody, various host animals can be immunized by injection with DC- 
SIQN for exanrple, or a derivative (e.g., fragment or fusion protein) thereof, including 
but not limited to rabbits, mice,'.rat5i sheep, goats, etc. ia one embodunent, DC-SIGN 
or fragment thereof can be conjugated to an immunogenic carrier, e.g.^ bovine serum 
15 albumin (BSA) dr keyholelimpet hemocyanin (KLEI). Various adjuvants may be used 
to incacease the immunological response, depending on the host species, including but 
not limited to Freund's (coniplete and incomplete), mineral gels such as aluminum 
hydroxide, surface active substances such as lysolecithin, pluronic polyols, 
polymLdiis, peptides- oil emul^ons; keyhole Hmpci t dmitrophenol, and . 

20 potentially useful human adjuvants such as BCG (Jbadtte Calmette-Guerin) and 
Corynebacteriim paarvwn. 

For preparation of monoclonal antibodies directed toward DC-SIGN for example, or 
fragment, analog, or derivative thereof, any technique that provides for flie production 

25 of antibody molecules by continuous cell lines in culture may be used. These include 
but are not limited to the hybridoma technique brigmally developed by Kohler and 
Milstein [Nature 256:495-497 (1975)], as well as the trioma technique, the human B- 
cell hybridoma technique [Kozbor et al;, Inmmrwldg^ Today 4:72 1983); Cote et al., 
Proc. Natl Acad. ScL 80:2026-2030 (1983)], and the EB V-hybridoma 

30 technique to produce human monoclonal antibodies [Cole et al., in Monocloncd 
Antibodies and Cancer Therapy^ Alan R. liss. Inc., pp, 77-96 (1985)]. In an 
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additiLonal embodiment of the invention, monoclonal antibodies can be produced in 
genn-ftee animals utilizing technology described in [PCTAJS90/02545]. In fact, 
according to the invention, techniques developed for the production of "chimeric 
antibodies" [Morrison et al., J. BacterioL 159:870 (1984); Neuberger et al.. Nature 
5 312:604-608 (1984); Takeda et al.. Nature 314:452-454 (1985)] by splicing the genes 
from a mouse antibody molecule specific for DC-SIC5N, for example, together with 
genes from a human antibody molecule of appropriate biological activity can be used; 
such antibodies are within the scope of this invention. Such human or hmnanized 
chimeric antibodies are prefened for use in therapy of human diseases or disorders 
10 (described infra\ since die human or humanized antibodies aie much less likely , than 
xenog^c antibodies to induce an immune response, in particular an allergic response, . 
themselves. 

According to the invention, techniques described for the production of single dudn 
15 antibodies [U.S. Patent Nos. 5,476,786 and 5,132,405 to Huston; U.S. Patent 

4,946,778] can be adapted to produce DC-SIGN-specific single chain antibodiesdfor 
example. An additional embodiment of the invention utilizes the techniques - 
described for the construction of Fab expression libraries [Huse et al., Science 
246: 1275-1281 (1989)] to allov^r rapid and easy identification.of monoclonal Fab . 
20 fragments with the desired specificity for a translocation promoting protein, or its 
derivatives, or analogs. 

Antibody fragments which contain the idiotype of the antibody molecule can be 
generated by known techniques. For example, such firagments include but are not 
25 limited to: the F(ab % fragment which can be produced by pepsin di^stion of the 
antibody molecule; the Fab' fiagments which can be generated by reducing tiie 
disulfide bridges of the F(ab')2 fiagment, and the Fab fragments which can be 
gen^iated by treating tiie antibody molecule with papain and a reducing agent. 

30 In the production of antibodies, screening for the desired antibody can be 

accomplished by techniques known in the art, radioimmunoassay, ELISA 
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(enz^moe-linked ixmnunosorbant assay), "sandwich" inununoassays, 
inunutioradioinetiic assays, dijSusionpiedpitmzeactiQas, iinmimodiSusion 
assays, in situ munuiioassays (using colloidal gold, enzyme or radioisotope labels, for 
example), western blots, precipitation reactions, agglutiBadon assays (^.g., gel 
5 agglutination assays, hemagglutination assays), complement fixation assays, 

immunofluorescence assays, protein A assays, and immunoelectrophoiesis assays, etc. 
In one embodiment, antibody binding is detected by detecting a label on the primacy 
antibody* M another embodincusnt, the primary antibody is detected by detecting 
binding of a secondaiy antibody or reagent to the primary antibody. In a further 

10 embodiment, the secondary antibody is labeled. Many means are known in the art for 
detecting binding in an immunoassay and are withm the scope of the present 
invention. For example, to select antibodies which recognize a specific epitope of 
DOSIGN, for example, one may assay generated hybridomas for a product whidbi 
binds to a translocation promoting agent fiagment contaimng such epitope. For 

15 selection of m antibody specific to a DC-SIGN from a particular species of animal, 
one can select on Ae basis of positive binding with DC^IGN expressed by or isolated 
from cells of tiiat species of aninial. 

Theiforegbing anttbodies^cailibe usedia methods Imown in: th& art retatmg ta the 
20 localization and activity of DC-^IQN, e.g,, for Western blotting, imaging DC-SIGN in 
sitUy measuring levels thereof in appropriate physiological saxiq>les, etc. usang any of 
the detection techniques mentioned above or known in the art. 

Suitable labels for antibodies (as well as for the other proteins, pq)tide3 and nucleic 
25 adds of the present invention) include enzymes, fluorophores fiuorescene 
isofliiocyanate (ETTC), phycoerytimn (PE), Texas red (TR), riiodamine, fi»e or 
chelated lanthanide seriess salts, especially Bu^ green fluorescent proteih, to name a 
few flUdrophores), chrompphores, radioisotopes^ chelating agents, dyes, colloidal 
gold, latex particles, Mgands (e.^., biotin), and chemiluminescent agrats. When a 
30 control marker is employed, the same or different labels may be used for the receptor 
and control marker.. In the instance where a radioactive label, such as the isotopes ^H, 
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"C, ^^S, ^^e, ^^Y, ^^I, and aie used, known currently available counting 
procedures noay be utilized. In the instance wh^e the label is a protein, e.g., an 
enzyme or fluorescent profein, detection may be accomplished by any of the presently 
utilized colorimetdc, spectrophotometric, fliiorospectrophotoinetiic, amperometric ox 
5 gasometric techniques Imovm in the art 

Direct labels are cme example of labels which can be used according to the present 
invention. A direct label has been defined as an eiitity, which in its natural state, is 
readily visible, either to the naked eye, or with the aid of an optical filter and/ox 

10 appHed stimulation, e.g.^ U.V. light to promote fluoiescence. Among examples of 
colored labels, which can be used according to the present invention, include ipetallic 
sol particles, for example, gold sol particles such as those described by Leuvering. 
CU.S. Patent 4,313,734); dye sole particles such as described by Gribnau ef^oJ^tCS&v: . 
Patent 4,373,932) and May et al. (WO 88/08534); dyed latex such as described by 

15 May, supra, Snyder (BP-A 0 280 559 and 0 281 327); or dyes encapsulatedin r... 

liposomes as described by Campbell et al. (U.S. Patent 4,703,017). Other direct-labels 
include a radionucleotide, a fluoresccart moiety or a luminescent moiety including 
proteins comprising such moieties such as green fluorescent protdn. In addition to 
these direct labeling devices, indirect labels comprising enzjmes can also be used 

20 according to the present invention. 

Various types of enzyme linked immunoassays are well known in the art, for example, 
alkaline phosphatase and horscaradish peroxidase, lysozyme, glucose-6-phosphate 
dehydrogenase, lactate ddiydrogenase, urease, these and others have been discussed in 
25 detail by Eva Engvall in Enzyme hnmunoassay ELBA and EMIT in Methods in 
Enzymology, 70:419-439, (1980) and in U.S. Patent 4,857,453. Suitable enzymes 
include, but axe not limited to, alkaline phosphatase and horseradish peroxidase. 

Other labels for use in the invention include magnetic beads or magnetic resonance 
30 imaging labels. 
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In another embodiment, a phosphorylation site can be created on an antibody of the 
invention for labeling with e,g,, as described in European Patent No. 0372707 
(Application No. 89311108,8) by SidneyPestka, or U.S. Patoit No, 5,459,240, issued 
October 17, 1995 to Foxwell et al. 

5 

Proteins, including antibodies, can be labeled by metabolic labeling. Metabolic 
labeling occurs during in vitro incubation of the cells that express the protein in the 
presence of culture medium supplemented with a metabolic label, such as [^S]- 
metbionine or p^]-orthophosphate, Inaddition to metabolic (or biosynthetic) 
10 labehng with P^Sl-methionine, tiie invention further contemplates labeling with [^^]- 
amino acids and pH]-amino acids (with the tritium substituted at non-labile 
positions). 

In a specific embodiment, antibodies that agonize or antagonize the activity of DC- 
15 SIGN can be generated. Such antibodies, when conjugated with a toxin or xadioactive 
element, can be used to target HTV-facilitative cells for destruction. Thus, cells 
harboring HIV, particulariy in its domxant phase, can be destroyed with antibodies, 
e.g., conjugated to a toxin such as ridn or a radioisotope such as or ^I, when such 
. : aiitibodiiBS-are specificifpfifiie iDC-SIGN HIV gpl20 complex^ 

20 

Vaccination and Passtvft TrnTrnin e Therapy 
Active immunity against a virus sudhi as HTV can be induced by immunization 
(vaccination) with an adjuvant and a protein of the present invention, and/or protein 
complex of the present invention, and/or antigenic fragment thereof, and/or derivative 
25 thereof. For example, either an itnmunogenic amount of a portion of gpl20 that is 
required for binding DC-SIGN or an immunogenic amount of a portion of gpl20 that 
is ejcposed upon gpl20 bindmg of DC-SIGN due to the concomitant conformational 
change (herein referred to collectively as particular gpl20 epitopes) can serve as the 
antigaoic component of the vacdne. 

30 

For example,the particular gpl20 epitope alone or conjugated to a c^ule or capsules 
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cannot cause AIDS, and the active munimity elicited by vaccination with the 
particular gpl20 epitope according to the present invention can result in both to 
immediate immune response and in immunological memoiy, and thus provide long- 
term protection against infection by HIV, particularly when the particular gpl20 
5 epitope is a conserved region of gpl20. The particular gpl20 epitope, or dmvatives 
thereof, can be prepared in an admixture with an adjuvant to prepare a vaccine. 
Preferably, the particular gpl20 epitope or derivative or fragment tfiereof , used as die 
antigenic component of the vaccine is an antigen common to all or many strains of 
HIV. The antigenic component of Ihe vaccine is th^efare preferably a conmion 
10 antigen. 

Selection of an adjuvant depends on the subject to be vaccinated. Preferably, a 
phannaceutically acceptable adjuvant is used. For example, a vaccine for arhumani; 
should avoid oil or hydrocarbon pulsion adjuvants, including complete and ^ 
IS incomplete Freund's adjuvant. One example of an adjuvant suitable for use witb" 
humans is alum (alunmia gel). A vaccine for an animal, however, may contain 
adjuvants not appropriate for use with humans. 

An alternative to a traditional vaccine comprising an antigen and.an adjuvant involves 
20 the direct in vivo introduction of DNA encoding the antigm into tissues of a subject 
for compression of the antigen by the cells of the subject's tissue. Such vaccines are 
termed herein "nucleic acid-based vaccines." The expression vector can be engineered 
to contain an autologous signal sequence. For example, a naked DNA vector (see, 
e.g., Ulmer et al., 1993, Science 259:1745-1749), a DNA vector transporter (e.g., Wu 
25 et al., 1992, J. Biol. Chenx 267:963-967; Wu and Wu, 1988, J. BioL Chem. 

263:14621-14624; Hartmut et al., Canadian Patent Application No. 2,012,311, filed 
March 15, 1990), or a viral vector containing a nucleic acid encoding a particular 
gpl20 epitope can be injected into tissue. Suitable viral vectors include retroviruses 
that are packaged in cells with amphotropic host range (see Miller, 1990, Human Gene 
30 Ther. 1:5-14; Ausubel et al.. Current Protocols in Molecular Biology, § 9), and 
attenuated or defective DNA virus, such as but not limited to herpes simplex virus 
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QJSY) {see, e.g., KapUtt et al., 1991, Molec. Cell. Neurosci. 2:320-330), 
papillomaviras, Epstein Barr virus (BBV), adenovirus (see, e.g,^ Stratford-Perricaudet 
et aL, 1992, J. CM. iayest. 90:626-630), adeno-associated virus (AAV) (see, 
Samulsld et al., 1987, J. Virol. 61:3096-3101; Samulski et al., 1989, J. Virol. 63:3822- 
5 3828), and the like. Defective viruses, which entirely or almost entirely lack viral 
genes, are prefecred. Defective virus is not infective after introduction into a cell. 

Vectors containing the nucleic add-based vaccine of the invention can be introduced 
into the desired host by methods known in the art, e.g., transfection, electroporation, 
microinjection, transduction, cell fusion, DEAE dextran, calcium phosphate 
precipitation, lipofection Oysosome fusion), use of a gene gun, or a DNA vector 
transporter [see, e.g., Wu et al., J. Biol Chem. 267:963-967 (1992); Wu and Wu, /. 
Biol Chem. 263:14621-14624. (1988);: Hartmut Canadian Patent AH>Iic:ation 
No. 2,012,311, fUed March 15, 1990)]. 

Any vaccine of the mvention, e.g,^ a vacdne comprising a particular gpl20 epitope 
antigen or antigenic derivative or fragment thereof, or the corresponding nucleic acid 
vaccine, can be administered via any parenteral route, including but not limited to 
intramusoular, :iEitrapeiitQii[eal,-intravenons7 and the hloe: Preferably, ^ce the desired 
result of vaccination is to elucidate an ioaaniine response to the antigen, and thereby to 
the pathogemc orgarusni, adroinisfratioii directly, or by targeting or choice of a viral 
vector, indirecfly, to lymphoid tissues* e.g., lymph nodes or spleen. 

Passive immnnity can be conferred to an animal subject suspected of suffering from, 
25 or particular susceptible to a viral infection, preferably a retrovirus, and more 
preferably BDEV infection, by administering antiserum, polyclonal antibodies, or a 
neutralizing monoclonal antibody against a particular gpl20 epitope of the invention 
to the patient. Although passive immurdty does not confer long tefm piotectidn, it can 
be a valuable tool for the treatnoent of a subject who has not been vaccinated. ' 
30 Preferably, the antibodies administered for passive immune therapy are autologous 
antibodies. . For example, if the subject is a human* pref^bly the aiitibodies are of 
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human origin or have been "humanized," in oxdea: to minimize the possibilily of an 
immune response against the antibodies. 



An analogous 1h^:apy to passive immunization is administration of an amount of 
5 solubilized DC-SIGN sufficient to inhibit the transport of HtV by dendritic cells to T 
cells. The required amount can be detennined by one of ordinary skill using standard 
techniques. 

The active or passive vaccines of the invention, or the administration of soluble DC- 
10 SIGN, can be used to protect an animal subject from viral infection, preferably 

retrovirus invention, and more preferably, AIDS. Thus, a vaccine of the inventionrcan 
be used in birds, such as chickens, turke)^, and pets; in mammals, preferably a human, 
although the vaccines of the invention are contemplated for use in other. mainmali^^fi, - 
species, including but not limited to domesticated animals (canine and feline); f$mx 
15 flTiiTnalfi (bovine, ovine, equine, caprine, porcine, and the like); rodents; and 

undomesticated animals. la the case of AIDS, vaccination, of course, envisioned to be 
in humans. 



Methods For Screening Dmg Libraries For Compounds Useful 
20 in The Treatm ent and/or Prevention of HIV Infection 

The present invention includes assays that are based on trans-enhancement of viral 
infection. Such assays can be used to screen for compoimds including antibodies that 
inhibit the abiliQ^ of DC-SIGN to enhance infection of target cells in trans. The assays 
can also be developed into test kits to monitor responses for preventive or therapeutic 
25 vacdnes. Such assays can utilize: 

(i) any of a varieQr of cell lines as target cells that express CD4 and a 
translocation promoting agent, including but not limited to CCR5 or CXCR4; 

(ii) a source of DC-SIGN, either on the surface of cells in membrane 
vesicles or soluble recombinant material; and 

30 (iii) a recombinant form of HIV that encodes a reporter gene; 

ludf erase or green fluorescent protein to permit a detemunation of the effective 
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infectiQa of the target cells* 

Examples of appropriate cell lines include, but are not limited to muxine 3T3 cells, 
human HeLa, U87MG, HOS, and 293 cells that ate transgenically manipulated to 
5 express CD4. Additional human cell lines that do not nonnally express either CXCR4 
or CKR-5 (such as SCL) can also be used. Furthermore, cell lines included in the 
Examples below, can also be used. 

Cell lines transfected with DC-SIGN can be used in assays to capture gpl20 or 
10 infectious HTV particles. Cells expressing DC'-SIGN can be pulsed with the reporter 
virus, washed and incubated with the target cells. Reporter activity can tfien be 
assayed in the cultured cells. In certain assays dendritic cells or THP-1 cells 
transfected to express DC-SIGN can be utilized as celtethat express DG-5IQN. 

15 Cell lines transfepted with DC-SIGN can be used in assays to enhance target ceU 
infection in trans. ]S41xtures of cells that express DC-SIGN and target cells can be 
incubated vnth appropriate tlt^ of reporter virus, and r^orter activity will then be 
measured. As controls for baclqground infection, cells that do not express DC^IGN 

are..used. . 

20 

Membrane vesicles containing DC^SIGN can also be used with target cells to capture 
reporter virus or to enhance infection of target cells in trans with reporter virus. One 
embodiment uses lipid monolayers to anchor DC-SION on a solid si^porL Reporter 
virus is then added. In a particular embodiment of this type, the membranes are then 
25 washed. In either case, the target cells then added. 

In another embodiment the anchored solid phase DC-SIGN is treated with soluble 
gpl20 or gpl40, washed, and then screened for antibodies that bind specifically to the 
DC-SIGN-gpl20 or gol40 complex. In a preferred embodiment of this type, the 
30 antibody does not bind to either DC-SIGN or gpl20/140 alone. Antibodies identified 
in this matter can then be used to screen for conpqpounds that block the binding of these 
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antibodies to solid phase DC!S/gpl20 or gpl40 complexes. These antibodies are also 
part of the invention. 

Soluble or secreted forms of DC^ION also can be used in the capture or enhancement 
5 assays disclosed herein. These forms of DC-SIGN can be prepared in bacteria or in 
eukaiyotic expression systems including mammalian cell lines and insect cells using 
recombinant baculovirus. One means of preparing these forms of DC-SIGN is to link 
a signal peptide sequence to an epitope tag and to the N-4mninal amino acid residue 
of the ectodomain (most membrane^proximal) and express this in mammalian cell 
10 lines. Another approach is to make a fusion protein with DC-SIGN and an 

extracellular domain of a transmembrane protein; e.g.y CD8-alpha, such that a i,^/. 
protease cleavage site ie.g., recognized by thrombin) separates that domain from an 
epitope-tagged form of DC-SIGN ectodomain. After purification on.an anti-T<SI?8r«b:^^^ ^ 
affinity colimm, this protein can be cleaved with thrombin to yield the soluble forms 
15 of DC-SIGN. The resulting protein can be used as a monomer in the trans- t , 
enhancement assay or in multimeric form, possibly bound to beads or other solid* 
support^ in the capture and enhancement assays and in drug screens as descdbed:above 
with the membrane vesicles. 

20 HIV and SIV vectors include, but are not limited to HIV or SlV-ludf erase, HTV or 
SrV-alkaline phosphatase, HIV or SIV- CD24 and HTV or SIV-2 LTR-Green 
Fluorescent Protein. In such vectors, the env gene can be inactivated by frame 
shifting, and the reporter gene is then inserted to replace the Nef open reading frame. 
Additional vectors can be noade for easier screening in murine cells, in which 

25 expression of HEV-LTR-driven reporters is only about 1% of the level in human cells. 
Such vectors are based on tiie HIV-gpt prototype, such that the repojrter, e.g. luciferase 
is placed under control of the SV40 promoter within the env gpne, ensuring higji level 
expression following integration. 

30 HEV-l envelope glycoprotdns whose tropism for CCRs and CXR4 that have been 
determined can be appropriate for screening.. For example, CCRS-tropic envelope 
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glycoproteins ADA and YU-2, (which can also use CCR3) 92US715, and 91US005 
and one dual tropic for CXCR4 and CXCR5 (92HT593) aie also able to infect cells 
tranfected with BOB. Two of the envelope proteins for pnmary HIV-1 strains (the 
dual tropic 92Err539 and C3l5-tropic 92BR025) also use Bonzo. In addition T-tropic 
5 envelope glycoproteins include HXB2, 92UG021, and 92111599 also use BOB or 
Bonzo. Other CCR5-tropic envelope glycoproteins include BaL. 92UG975, 
93Hr966. 92RWO20, 93TH976, 92BRO20, and 93MW965. JREL is a CCR5-tropic 
envelope glycoprotein that uses BOB only weakly. Envelope glycoproteins of SIV 
such as Macl Al 1-Agm T YOl , or Mac 239 can also be used to screen for receptors 
10 that are used by SIV. 

Identification of the role that DC-SIGN plays in HTV infection provides a unique set 
of protocols to identify specific agents thatinhihit HIVinfectian. ::Acconiingly, the 
present invention contemplates methods for identifying agonists and antagonists of 
15 mv entry using vaidous sqreKoing assays Imown in the art. Such agonists or 

antagonists can competitively inhibit HIV binding> or more particularly^ an HIV or 
SIV envelope protdn binding to DC-SIGN. 

In One such embodiment, cell lines expressing CD4 and one or more trandocating 
20 promoters, can be infected with an HTV-reporteF virus or SlV-reporter virus that is 
pseudofyp^ with oiae Or more selected envelope glycoproteins in title ptesence of DC- 
SIGN. Compound libraries can be assayed for their aUlity to inhibit infection of the 
cells by the pseudotyped virus. Candidate compounds are selected and then can be 
counter-screened for non-specific effects on infection with virus pseudotyped with 
25 non-HIV or non-SIV envelope proteins such as MLV amphotropic env or with VS V-G 
env for example. 

Any screening technique known hi the art can be used to screen for ant£igonistg of DC- 
SIGN-gpl20 association. The present invention contmiplates screens for small 
30 organic compounds, as well as screens for natural Ugands that bind to and antagonize 
such activity m vrvd. For. example,naturaI.productsUbranescan'be screened using 
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assays of the invention for molecules that antagonize HIV-DC-SIGN association. 



Identification and scie^mig of antagonists can be further facilitated by determining 
structural features of the protein, e.g., using X-ray cij^tallography, neutron diffiraction, 
5 nuclear magnetic resonance spectrometry, and other techniques for structure 

detemnnation. These techniques provide for the rational design or identification of 
agonists and antagonists. 

Another approach uses recombinant bacteriophage to produce large libraries. Using 
10 the "phage mefliod" [Scott and Smith, 1990, Science 249:386-390 (1990); Cwida. et 
al.. Proc. Natl Acad ScL, 87:6378-6382 (1990); Devlin et al., Sciotc^, 249:404406 
(1990)], very large libraries can be constracted (10^-10^ chemical entities). A second 
approach uses primarily chemical methods, of which the Geysen method [G^^jsenketH: - - 
al., Molecular hnmmology 23:709-715 (1986); Geysoi et al. J. bnmuruilogic M^tJwd 
15 102:259-274 (1987)] and the method of Fodor et al. {Science 251:767-773 (1991)] are 
examples. Furka et al. [Hth International Congress of Biochemistry, Volume 5,"^ 
Abstract ER:013 (1988); Forioi. Int. J. Peptide Protein Res. 37:487-493 (1991)], 
Hougjiton [U.S. Patent No, 4,631,211, issued December 1986] and Rutter et al. [U.S. 
Patent No. 5,010,175, issued April 23, 1991] describe methods to produce a mixture 
20 of peptides that can be tested as agonists or antagonists. 

In another aspect, synthetic libraries [Needels et al., Proc. NatL Acad, ScL USA 
90:10700-4 (1993); Ohhneyer et al., Proc. Natl Acad. Set USA 90:10922-10926 
(1993); Lam et al.. International Patent Publication No. WO 92/00252; Kocis et al., 
25 iQtemational Patent Publication No. WO 9428028, each of which is incorporated 
herein by reference in its entirety], and the like can be used to screen for inhibitors of 
DC-SIGN mediated HIV entry into T cells according to the present invention. 

The screening can be peiformed with recombinant cells that express DC-SIGN, or 
30 alternatively, using purified and preferably soluble protein, e.g., produced 

recombinantly, as described above. For example, the ability of a labeled, soluble or 
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solubilized DC-SIGN that includes the gpl20-hindmg pardon of the molecule to bind 
gpl20 can be used to screen libraries such as random phage libraries or chemical 
libraries, as described herein. Any of the numerous assays well known in the art 
and/or exemplified herein may be used, 

5 

The present invention therefore also includes compounds that interfere with the 
binding of gpl20 to DC-SIGN (DCS). In a particular embodiment the compound has 
a structure based on that of an oligosaccharide. Alternatively, the conqjound can be an 
antibody specific for DC-SIGN or an antibody specific for particularly conserved 
10 regions of gpl20 that are required for interacting vdth DC-SIGN. Such compounds 
interfere with infection, particularly with infection of cells that do not express DC- 

sicasT. 

The present invention also provides compounds that interfere willi DC-SIGN- 
15 dependent eahancerftent of Hiy-tafgetddl^ Such coiiipounds include 

antibodies that bindto DG-SIQN and interfere with the trans-enhancement of HIV 
entry by way of CD4 and CGR5/CXCR4 on the target cen. Preferably such 
compounds or antibodies do not block the binding of gpl20 to DC-SIGN. 

20 In addition, one of the models suggested by the present results is based on the 

clustering of DC-SIGN being required fcnr its activity in enhancing T cell infection. 
Therefore, even if the virus binds to DC-SIGN there needs to be appropriate clustering 
of the receptor on the surface of the dendritic cell. Selected compounds could block 
the clustering activity, even if binding of virus could still occur. Such compounds 

25 would therefore be agents that block infection of T cells and monocytes. 

Furtttermore, compounds can be identified that block DC>SiGN pitjcessing of HIV-1 
to pemoit persistence of virus (prtotection from decay in infectivity) and presentation in 
trans to enhance infection of T cells. The virus is protected from proteases aft^ 
30 interaction with dendritic cells or other cells transfected with DC-5tGN. Hierefore, 
coxnpounds that inhibit tiiis protective mechanism of the virus.after it bind§ to DC- 
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SIGN are part of the invention. Sudi compounds can be identffied by using the 
captxu:e and trans-enhancement assays described herein, with whole cells that express 
DC-SIGN. With the capture assay, the screen can be for conapounds that inhibit 
infection of target cells that are added to the DC-SIGN expressing cells one or more 
5 days after the DC-SIGN cells are pulsed with reporter virus {see Examples bdow). 

The present invention further provides the use of soluble DC-SIGN to block infection 
m vivo. Certain forms of soluble DC-SIGN {e.g., modified to bind yet also prevent a 
conformational change) could block HIV infection while other forms could enhance 

10 fusion. Such forms of DC-SIGN can be produced by performing mutagenesis to 
generate DC-SIGN variants that continue to brad gpl20 but fail to transmit captured 
virus to T cells, and/or other target cells and/or to enhance infection of T cells and 
other target cells in trans. One particular approach is to perform random mutagenesis- 
of the DC-SIGN extracellular domain using standard error-prone PGR, transfect or 

15 retrovirally transduce the different mutant clones into an appropriate cell lines such as 
THP-1, sort for cells that bind gpl20, using magnetic beads coated with anti-gpl20 
antibody or using FACS, and then test individual transfected clones for the ability to 
transmit virus to appropriate target cells expressing CD4/CCR5 or CD4/CXCR4; 
Mutant forms of DC-SIGN that cannot enhance entry in trans can be made into 

20 soluble or secreted forms by one of the methods destaibed above, and these can be 
tested for their ability to inhibit trans-enhancement in assays such as those described 
herein. 

Based on the results disclosed herein, it appears that interaction of gpl20 with DC- 
25 SIGN results in a conformational change in envelope glycoprotein which would 
enhance fusogenic activity. Therefore compounds including antibodies that 
specifically interact with such an altered form of the envelope glycoprotein 
(gpl20/gp41) induced by DC-SI(2^ binding and that, hence, block viral entry are also 
provided. Such R Tnall organic compounds or antibodies can be identified by screening 
30 for drugs in a trans-enhancement assay or by using complexes of DC-SIGN and gpl20 
or oligomers of soluble gpl40.- For example, soluble DC-SIGN/gpl20 can be used to 
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elidlt monoclonal antibodies that will Wnd specifically only to a complex of these 
proteins or to a confomiational epitope on gpl20. Such complexes can also be used to 
screen for compounds that bind specifically to DC-SIGN/gpl20 or DC-SIGN/gpl40 
or to the novel conformations of the envelope glycoproteins. 

5 

In addition, conq>ounds or antibodies that specifically interact with an altea^ form of 
the envelope glycoprotein (gp220/gp41) not necessarily induced by DC-SIGN binding, 
but by specific routing of vims to intracellular compartments in which viral 
fiisogKiicity would be enhanced are included in the present invention. Such 

10 compounds or antibodies can be identified by screening for drugs in a trans- 
enhancement assay (described above) or by using HCV particles that have been 
rendered more •*fusogemc" by exposure to DC (or by other means that mimic DC 
exposure, e,g. low pH exposure). -Ih.addition, soluble envelope glycoprotein in a 
**fusion-enhanced'* confoctnation can be used to elicit monoclonal antilbodies that will 

15 bind specifically only to a conformational eqpitope on gpl20 or gp41 . Such complexes 
can also.be used to screen for compounds that bind specifically to novel 
conformations of the envelope glycoproteins. 

To. SCE^ for.wdi.compomxdsi ISrv^)^ to-various pHc^ditions 

20. prior to return to neutral pBL If a pardcular pH condition enhances inf ectivityi 
compounds can be sheened for their ahiHty to iiibibit infection; For example, 
pseudotyped virus (encoding a reporter gene, e.g., firefly luciferase) can be pH 
activated, and then used to mfect a target cell (e.g., murine 3T3 cells expressing 
human CD4, human CCELS, and human cydinTl; or other mouse or human cells with 
25 the appropriate complement of receptors). Screens can be conducted for compounds 
that inliibit luciferase activity. Several controls can be incorporated to ensure that 
conipounds are specific for aGti:^ted viral conformations. For dxan^le, high 
cqncCTtration.ofnon-pH-exposed pseudotyped viil^ 

included in the assay. The infectivity of this virus should not be affected by 
30 compoimds of interest. Alternatively, ReniUa luciferase-encoding virus pseudotyped 
with VSV-G or murine amphotrqpic envelope glycoprotein similarly would not be 
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effcpted by desixed coiopounds. 

Still another approach en^loyes the contents of purified eady endosomes, which are 
then mixed with virus (eg. , HiV) to achieve increased infectivity (to supplement 
5 and/or replace the lower pH conditions described previously). Conopounds that block 
increased viral infectivity after such trratment can then be screened by the assays 
described above. 

A different screen can be used to identify compounds that block interaction of a novel 
10 conformer of HTV envelope glycoprotein (induced by low pH and/or endosomal . 
environment) with CIM/chemoMne receptor or with a conformer-specific mAb>^ The 
former can test binding of envelope to cells that express the receptor complex or to 
beads coated wifli lipid-associated forms of CD4 and CCR5 for example. 

15 In addition, the fitifjing fliat HIV internalization by dendritic cells directs virus to- 
recycling endosomes {see Example 2) rather tiian lysosomes, identifies one of the key 
functions of DC-SIGN. Therefore, the present invention further provides compounds 
that inhibit HTV infection by redirecting HIV from recycling endosonaes to the 
lysosomal compartment of dendritic cells (as well as other ceQs).. Such compounds 

20 reduce HIV infectivity and increase immunogenicity (and, hence, antiviral T cell 
inunune responses). This can be achieved by interfering witii the DC-5IGN 
interaction with intracellular endocytic machinery. Therefore, the present invention 
provides methods of identifying compounds and the compounds so identified which 
interfere with the binding of specific proteins to the cytoplasmic domain of DC-SIGN. 

25 These proteins are essential for internalization of virus and for the ability of HTV to 
exploit dendritic cells. 

Therefore^ the present invention provides screens to test for compounds that inhibit 
internalization of DC-^IGN. One such screen is an antibody based screen. In a 
30 particular embodiment, a labeled anti-DC-SIGN antibody is bound to an appropriate 
cell (a cell that expresses DC SIGN e,g. , a THP-SIGN cell), and internalization is 
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induced by warming to ST'C or so for an"^propriate period of time (e.g., 2O120 
min). Surface-bound antibody is then stripped by add pH or protease, and the cells 
are washed. The xemaining label is then measured Compounds that inhibit 
endocytosisofDC-SIGN would block accumulation of label. Id one such 
5 embodiment, the antibody has a fluotescent label. In a related embodiment, the 
antibody has a radioactive label. 



In anoflier screen provided by tfie present invention is an BDTV-based screen. Such a 
screen could use a labeled HIV particle. Hiese HIV particles can bound to an 

10 appropriate cell (a cell that expresses DC SIGN e.g. , a THP-SIGN cell), and 

internalization is induced by wanning to 37^C or so for an appropriate period of time 
(e.g. , 20-120 min). Surface-bound HTV can then be stripped by add pH or protease, 
and the cells are washed. The resmaiiiing lable can then 'be determined; In a particular 
embodiment the HIV particle is fluorescently labeled and the remaining fluocescCTLce 

IS is ineasufed by FACS analysis or microscopy (monitoring fluorescent particles in 
endosomes). 



Since internalization of virus into recycling endosomes results in enhanced infectivity 
of virusi toidrntificatiiDn of compotmdJF that inteE6HCB with BdS-dejieiident' 

20 enhancement of HTV-target edl fusion is important One such method relies on 
identifying coiB^dmids ftat mt^^ with bonfoimaliGb^ changes xO HTV envelope 
glycoprotein following ^docytosis of viral particles. Tn a particular embodimrat, 
these conformational changes are caused by pH-depoident conformational changes. 
Another method relies on identifying compounds that bind specifically to conf ormers 

25 of HIV oivelope glycoprotein after conformational modifications within endosomal 
compartments. In a particular embodiment of this type, the compounds are antibodies. 



Admrnistratioh of Antagonists of HIV Infecrion 
AccQf duig to the invention, the camponsait or components of a therapeutic 
30 composition of the invention may be introduced parenterally , transmucosally, e.g, , 
orally, nasally, or lectally, or transdennally. Prefierably, administration is parenteral, 
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e,g,, via intravenous injection, and also including, but is not limited to, intra-arteriole, 
intramuscular, intradennal, subcutaneous, intrapedtoneal, intraventricular, and 
intracranial administration. More preferably, where administration of an antagonist to 
the DC-SIGN -gpl20 conqilex is administered to prevent or treat AIDS, it may be 
5 introduced by injection into the blood. The antagonist may be a specific antibody 
raised against a particular epitope of the DC-SIGN -gpl20 complex or a mimic to DC- 
SIGN, including a soluble form of DC-SIGN that competitively competes with DC- 
SIGN for the gpl20. 

10 In another embodiment, the therapeutic compound can be delivered in a vesicle, in 
particular a liposome [see Langer, Science 249:1527'-1533 (1990); Iteat et al.s. .in.-v 
Liposomes in the Therapy of Infectious Disease and Cancer^ Lopez-Berestein and 
Rdler (edsO, liss: New Yoric, pp. 353-^365 (1989); Lopez-Berestein, li/dl, ppi3l?73, 
327; see generally ibid}. To reduce its systemic side effects, this may be a preferred 

15 method for introducing an antagonist to DC-SIGN- gpl20 binding. 

In yet another embodiment, the therapeutic compound can be delivered in a controlled 
release systenL For example, an antibody as described above, may be administered 
usmg intravenous infusion, an implantable osmotic pump, a.transdermal patchy 

20 liposomes, or other modes of administration. In one raabodiment, a pump may be 
used Langer, supra; Sefton, CRC Crit. Ref Biomed. Eng. 14:201 (1987); 
Buchwald et al., Surgery 88:507 (1980); Saudek et al., N. EngL J. Med 321:574 
(1989)]. In another embodiment, polymeric naalerials can be used {see Medical 
Applications of Controlled Release, Langer and Wise (eds.), CRC Ptess: Boca Raton, 

25 Honda (1974); Controlled Drug Bioavailcd?iHty, Drug Product Design and 

Performance, Smolen and Ball (eds.), Wiley: New York (1984); Ranger and Peppas, 
/. Macromol ScL Rev. Macromol Cltem. 23:61 (1983); see also Levy et al.. Science 
228:190 (1985); During et al., Ann. NeuroL 25:351 (1989); Howard et al,. 
Neurosurg, 71:105 (1989)]. la yet another embodiment, a controlled release system 

30 can be placed in proximity of a therapeutic target, e.g., the brain, thus requiring only a 
fraction of the systemic dose {see, e,g.y Goodson, in MeiSad Applications of 
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Controlled Release^ supra, vol. 2, pp. 115-138 (1984)]. 

Othex controlled zelease systems are dLscussed in the review by Langex [Science 
249:1527-1533 (1990)]. 

5 

Thus, the antagonist can be delivered by intravenous, intraarterial, intrapedtoneal, 
intramuscular, or subcutaneous routes of administration. Altemadvely^ the antagonist, 
properly formulated, can be administexed by nasal or oral administration. A constant 
siqyply of the antagonist can be ensured by providing a therapeutically effective dose 

10 (2.£., a dose effective to induce metabolic changes in a subject) at the necessary 
intervals, e.g,, daily, every 12 hours, etc. Tbese paramet^ will depend on the 
seventy of the disease condition being treated, other actions, such as diet modification, 
that are implemented, the weighty age; and sex of the subject, and other aStecia, which 
can be readily deteanined according to standard good medical practice by diose of 

15 skillintheart 

A subject in whom administration of the antagonist is an effective therapeutic - 
regiment for AIDS is preferably a human, but can be a primate with a related viral 
condition i-lhus^as-canbafeadil^app the 
20 methods and pharmaceutical compositions of the present invention are p^culady 
suited to aSoiimstfadon to &ny piixnatel 

Transgenic Vectors smd TnTiibition of Exnresaion 
In one embodiment, a gen& encoding a soluble DC-SIGN, or antisense or ribozyme 

25 spedfic for DC-SIGN mRNA (termed herein an "antigene") is introduced in vivo in a 
viral vector. Such vectors include an attenuated or defective DNA virus, such as but 
not limited to herpes sinqjfex viruB (HS V), papilloruavirus, Epstein Ban: virus CBB V), 
adenovirus, adeDO-associated virus (AAV), and the like. Defective viruses, which 
entirely or ahnost entirely lack viral genes, are preferred. Defective virus is not 

30 infective after introduction into a cell. Use of defective viral vectors allows for 

administration to cells in. a specific, localized area, without concern that the vector can 
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infect other cells. Thus macrophage can be specifically targeted. Examples of 
particular vectors include, but are iiot liinited to, a defective herpes virus 1 (HSVl) 
vector [Kaplitt et al., Molec. CeU. NeuroscL 2:320-330 (1991)], an attenuated 
adenovirus vector, such as the vector described by Stratford-Perricaudet et al. [/. Clin. 
5 Invest. 90:626-630 (1992)]. and a defective adeno-associated virus vector [Samulsld et 
al., /. Virol 6X:3096-3101 (1987); Samulsld et al., /. Virol 63:3822-3828 (1989)]. 

In another embodiment the gene or antigene can be introdaced in a retroviral vector, 
as described in Anderson et al., U.S. Patent No. 5399,346; Mann et aL, 1983, 
10 Cell 33:153; Temin et aL, U.S. Patent No. 4,650,764; Temin et al., U.S. Patent No. 
4,980,289; Markowitz et al., 1988, J. Virol. 62:1120; Temin et al., U.S. Patent Nov 
5,124,263; Ihtemational Patent Publication No. WO 95/07358, published March 16, 
1995, by Dougherty et al.; and Kuo et al., 1993, Blood 82:845. : ^ t^^:^ r. 

15 In one embodiment, specific PBMCs are removed firom an HIV-positive subject . 
animal (e.g., a human) and the gene encoding DC-SIGN, for example, is replaced by a 
modified DC-SIGN gene diat retains its natural activity, binds ICAM-3 but cannot 
facilitate the entry of HTV into T cells. The subject animal is depleted of its 
corresponding PBMCs (e.^. , if the gene modification was performed in a macrophage 

20 or T-cell, then the macrophages or T-cell are depleted) and the modified PBMCs are 
reintroduced into the subject animal. Such an animal subject should then have 
macrophages or T-cells, which are capable of responding to the appropriate natural 
Ugand for DC-SIGN, but which are no longer capable of facilitating the entry of HIV 
into a cell. In a related embodiment, a translocation promoting agent gene (such as 

25 CC-CKR5 or CXCR4) is also modified to more fully block HIV 
translocation/infection. 

Targeted gene delivery is described in IntOTiational Patent Publication WO 95/28494, 
pubUshed October 1995. 

30 

Alternatively, the vector can be introduced in vivo by lipofection [Feigner, et aL, 
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Proc. Natl Acad. ScL U.SJl 84:7413-7417 (1987); see Mackey. et al., Proc. Natl 
Acad. ScL U.SJL 85:8027-8031 (1988); Felgnea: andRingoId, Science 337:387-388 
(1989)]. lipids may be chemically coupled to otiier molecules for the purpose of 
taigeting [see Mackey, et. al., siq?m\. Targeted peptides, e.g., honnanes or 
5 neurotransmitters, and proteins such as antibodies, or non-peptide molecules could be 
coupled to liposomes chemically. 

It is also possible to intcoduce the vector in vivo as a nalced DNA plasmid. Naked 
DNA vectois for gene therapy can be introduced into the desired host cells by methods 
10 known in the art, transfection, electroporation, microinjection, transduction, cell 
fusion, DEAE dextran, calcium phosphate precipitation, use of a gene gun, or use of a 
DNA vector transporter [see, e.g., Wu et al., J. Biol Chem. 267:963-967 (1992); Wu 
and Wu, /. Biol Chem. 263:14621-14624= (1988); Hartmutet Canadian Patent 
Application No. 2,012,311, filed Match 15, 1990]. 

15 

As noted above, the present invention «tends to the preparation of antisense 
nucleotides and ribozymes that may be used to interfere with the expression of DC- 
SIGN at the translational levd. This ^roach utilizes antisense nucleic acid and 
. nbozymes' to bld(^traBslatron of a spect 
20 with an antisense nucMc acid or cleaving it with a ribozyme. Such antisense or 
ribo^me nucleic' aindis inay be produced chemically, or may be eiqaesised firom an 
"antigen." 

Antisense nucleic acids are DNA or SNA molecules that are complementary to at 
25 least a portion of a spedfLc mRNA molecule [see Maicus-Sekura, Anal Biochem. 

172:298 (1988)]. In the ceD, fliey hybridize to that mRNA, forming a double stranded 
molecule. The cell does not translate an mRNA in this double-stranded form 
Therefore, a^iitisense nucleic acids interfere with the expression of niRNA into protein. 
Oligomers of about fifteen nucleotides and molecules that hybridize to the AUG 
30 initiation codon will be particularly eEtident, since tiiey are easy to synthesize and are 
likely to pose fewer problems than larger molecules when intrododng them into organ 
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cells. Aatisense methods have been used to inhibit the expression of many genes in 
vitro IMaiciis-Selcura, 19iKsupra\ Hamhor et aL, J. Exp. Med 168:1237 (1988)]. 
Preferably synthetic antisense nucleotides contain phosphoester analogs, such as 
phosphorothiolates, or thioesters, rather flian natural phosphoester bonds. Such 
5 phosphoester bond analogs are more resistant to degradation, increasing the stability, 
and therefore the efgcacy, of the antisense nucleic acids. 

Ribozymes are RNA molecules possessing the ability to specifically cleave other 
single stranded RNA molecules in a noanner somewhat analogous to DNA restriction 

10 endonucleases, Ribozymes were discovered frorn the observation that certain mENAs 
have the ability to excise tiieir own intions. By modifying the nucleotide sequence.of 
these RNAs, researchers have been able to engineer znolecules that recognize specific 
nucleotide sequences in an RNA molecule and cleave it [Cech, /. Am. MedL:As^^,a^-r 
260:3030 (1988)]. Because they are sequence-specific, only mRNAs with particular 

15 sequences are inactivated. 

Investigators have identified two types of ribozymes, Tetrahymena-typG and 
"hanmierhead"-type. Tetrahymeiia-typG ribozymes recognize four-base sequences, 
while "hammKrhead"-type recognize eleven- to eighteen-base sequences. The longer 
20 the recognition sequence, the more likely it is to occur exclusively in the target 
MRNA species. Therefore, hamnaechead-type ribozymes are preferable to 
Tetrahyjiieiia-typQ ribozymes for inactivating a specific mRNA species, and eighteen 
base recognition sequences are preferable to shorter recognition sequences. 

25 The DNA sequences encoding the DC-SIGN can be used to prepare antisense 
molecules against and ribozymes tiiat cleave mRNAs encoding DC-SIGN, thus 
inhibiting expression of the gene encoding the DC-SIGN, which can reduce the level 
of HIV entry in macrophages and T cells. 

30 
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CteHs on ^olid Supports 
Solid supports include glass beads, sugar beads (SEPHADEX, SEPHAROSE, 
Agarose, SEPHACEL etc.) magnetic beads, and dowex-^e matedals. Biological 
matedals may be passed through cells bound to solid supports by common methods 
5 know to any person skilled in the art including but not limited by batchwise, by 

cratrifugation, pressute-membrane filtration (e.g. Amicon or Afillipore filtration) and 
through various types of columns. 

Transgenic Animals 

10 T lymphocytes from mice transgenic for human CD4 and CCR5 can be infected in 
vitro with various strains of HEV but are not infected when virus is injected into the 
animals. The expression of human DC-SIGN in fhe murme dendritic cells permits 
mucosaluptak^of virus by these cells, transport of virus to lymphatic oigai^ • 
subsequent in vivo infection of the cells that express human CD4 and CCEt5. 

15 . 

The transgenic mice of the present application can be produced as detailed previously 
(Eilleen et al EMBO 12:1547-1553 (1993)], which is hesreby incoiporated by 
reference. The construction of the human 004* muriae CD4r mice have been 
desdnTtedlianeene^ (1993)], 

20 

Generation of tr&sgenic ixuce thiis serve as a model system for pathogesiesis for 
development of vaccines and new therapeutics. Such mice express various 
combinations of human C3D4 (SEQ ID NO:3), CC3E15 (SEQ ID NO:5) or CXCR4 
(SEQ ID NO:4) and cyclin T [SEQ ID NO:6; GenBank accession AF045161, Wei et 

25 oZ., CeU, 92(4):45Z462 (1998)] in all of tfidrT cells, subsets of T cells and/or 

macrophages and monocytes. These types of animals have been generated using the 
CD4 regulatory sequences to direct e^pceSsidn in theSe types of cells. '■ In addition, the 
mice express human DC-SIGN on the suif ace 6f their dendritic cells. This can be 
achieved by using a GDI Ic promoter to direct expression in this subset of cells 

30 [Dziennis et oL^ Blood, 8S(2):31{)-329 (1995)]. Another approach is to use 

homologous iBcqmbination to introduce the DC-SIGN cDNA into the site for the 
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murine CX3CR1 coding region. The latter gene is expressed in dendritic cells, which 
allows for specific expression in dendritic cells Of g6iit^ targeited t6 this site: A third 
method to achieve specific expression of hmnan DC-SIGN in dendritic cells is to use 
homologous recombination to replace the murine DC-SIGN gene with human DC- 
5 SIGN cDNA; a similar approach has been used to riq)lace nmiine CXCR4 with the 
human CXCR4. Another method is to use the human DC-SICaT promoter consisting 
of sequences of up to 5 Mb 5' to the first exon to drive expression in dendritic cells. 
This promoter is generated by cloning the sequence 5' to 
"GAGTTCTGGACACTGGGGGAGAGTGGGGTGACAT' (SEQ ID NO: 13). 

10 

Additional Uses of the Invention 
Since the present disclosure demonstrates that DC-SIGN binds gpl20 witti a high- : 
afBnity and thereby HTV tightly, there are multiple ancillary uses provided fey^^e^i^r / 
present invention. For example, DC-SIGN cm: gpl20 binding fragment thereof, either 
15 alone, on a solid support or in the membrane of a ceQl can be used to bind HCV and 
similar viruses. Such binding can be used With dectcoporesis for example to filter 
blood products. Altematively, a DC-SIGN derived product, as enmneraled above, 
could be used in a vaginal prophylactic cream to prevent the trafismission of virions, 
including HIV. 

20 

In addition, since DC-SIGN expressing ceUs are shown herein to not only facilitate 
viral transport to T cells but to also extend the longevity of virions, cells expressing 
DC-SIGN can be used in conjunction with viral vectors such as retroviral vectors 
HIV) to enhance the effect of viral vectors during gene therapy, particularly in 
25 protocols in which the gene transfer is to be praformed in T cells. 

Indeed, the present invention relates to the discovery that DC-SIGN binds and 
captures HIV virus, particulariy through interaction or binding with the HTV gpl20 in 
trans. This unique ability to capture HTV, particularly infectious HIV, and jsequester 
30 flie virus in vivo or in vitro can be utilized in a variety of methods, applications and 
uses wherein capture of HIV is relevant or required. It is therefore contemplated that 
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DC-^IC9^ can be utilized to captme HTV viruses ftom a patient cnr in a patient sample. 
This could effectively concentrate virus for the purpose of further study, including but 
not limited to: evaluation of the infectivity of the isolated HIV; assessmrat of the drug 
sensitivity of the isolated HIV; analysis of the DNA segumce of die isolated HTV, 
S specific HTV genes or encoded polypeptide to determine or assess^ for instance genetic 
dnft and viral mutations; and other characterization of ttie HTV population in a patient. 
In addition, the DC-SION mediated capture methods can be utilized in purifying or 
removing HIV which is presumed or pos^bly present in a sample, particulary wherein 
such sample comprises a biolo^c/therapeutic material or conxpound or will be utilized 
10 in the preparation or isolation of a biologic/therapeutic mat^al or compound 
Biological/thers^utic mat&dals or compounds isolated or puiiCied from blood or 
blood components are a particular example, including Factor Vm, other coagulation 
factors, and blood cell componeD.ts,:-whetem pcesumed.,Qr possible HIVv orother such 
blood-bome viruses raust be removed or inactivated. 

15 

The DC-SIGN-mediated trans capture of HIV can be accomplished by providing DC- 
SIGN in trans in any form, medium or source wherein DC-SICxN is capable of binding 
to mV to fonn a DC-SION-HIV complex or association and wherein the DC-SIGN- 
iSV complex or assodation csia tiieceby be isolated or captixress Fon instance,, any of 
20 the following soioces of DC-SIGN can be utilized, including cells or cell lines 

expressing PC-^Ica^s DG-SIGN to membrane vescicles ca: synthetic lipid or lipophilic 
carriers^ soluble DC-^IGN, and DC^IGN attached to a surface, separation material 
or medium (including for instance resins, beads and columns) directly or using lipid 
monolayers or lipid moieties to andior DC-SIGN. 

25 

Isolation of Pftptf^^^ F^^^^^^^ff r^aWinhyHrfltft 

A major obstacle in the investigation of biological functions of carbohydrates is the 
availability of these compounds. They can often be isolated jBrora bipldgipal sources in 
only minute amounts. A possible solution to this problem, is to mimic the 
30 carbohydrate by other compounds that are easier to prepare, e.g. peptides. A 

promising way to find such peptides is by use of the random peptide phage display 



NSOOC©: <WO ^0164r52AaLL> 



wo 01/64752 



PCT/USOl/06322 



62 

technology. Peptides which mimic the DC-SIGN lectin ligand or otherwise block DC- 
SIGN-mediated iiiteractions or binding may be useful in the HIV jarophylaxis, 
prevention or therapy. Peptide ligands identified by phage display scieening 
frequently interact with natural binding site(s) on the target molecule, and often 
5 resemble the target* s natural ligand(s). Peptides mimicking carbohydrate epitopes or 
ligands have been isolated and work directed towards using peptide mimics in place of 
carbohydrate antigens has been reviewed by Kieber-Emmons and colleagues [Kieber- 
Emmons. et al Immunologic Res 17:95-108 (1998)]. The demonstrated ability of a 
peptide to mimic a carbohydrate detenninant indicates that, although naimicry is 
10 accomplished using amino adds in place of sugars, the specificity pattem can be 
reproduced. • * 

■ Screening phage^displayed random peptide libraries offers a rich source ofcmoleeuliBir 
diversity and represents a powerful means of identifying peptide ligands that bind a 

15 receptor molecule of interest (Cwirla et al. PNAS 86:637-682 (1990); Devlin et oL 
Science 249:404-406 (1990); Cortese et al Current Opin Biotech 6:73-80 (1995)]. 
Phage expressing binding peptides are selected by afSnily purification with the target 
of interest. Since each infectious phage encodes tiie random sequence expressed on its 
surface, a particular phage, when recovered fix)m an affinity nmtrix, can be amplified 

20 by another round of infection. Thus, selector molecules immobilized on a solid 

support or other capture means can be used to select peptides that bind to them. With 
regard to the present invention, DC-SIGN or gpl20 may be utilized as a selector 
molecule in such systems. This procedure reveals a number of peptides that bind to 
the selector and that often display a common consensus amino acid sequence. 

25 Biological amplification of selected library members and sequencing allows the 
determination of the primary structure of the peptide(s). 

Peptides that mimic glycosphingolipids have been found using a phage peptide library. 
Two monoclonal antibodies that recognize lactotetraosylceramide (Lc4Cer) and its 
30 isomer neolactotetraosylceramide (nLc4Cer) were used to find peptides that mimic the 
carbohydrate moieties of the two glycosphingolipids. H was also shown that the 
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peptides are hiologicaUy active, in that ifaey could modulate the activity of B- 
galactosidase [Taki et al. FEES Lett 418:219-223 (1997)]. The cell wall of the 
bactenal pathogen Shigella flexneri contains ];epeated saccharide units forming the O- 
antigen carbohydrate moiety of the capsular lipopolysaccbadde. Peptide mimics of the 
S carbohydrate epitope were isolated using phage display technology and could act as 
immunogenic mimics and weie capable of inducing specific anti-carbohydrate 
antibodies [Phalipon et al EurJbnmimol 27:2620-2623 (1997)]. Peptides that mimic 
HIV-associated carbohydrate fomis have also been reported. Mouse antisera were 
generated against peptides that mimic a mucin^related carbohydrate epitope expressed 

10 onHIV. The authors showed that immunization with the peptide-mimics induces 
antibodies that cross-reacted with native HIV envelope proteins. The sera containing 
these antibodies could neutralise HIV-1 cell-fiee infection in vitro as well as the sera 
from patients infected with HTV-l whereas normal human sera were ineffective in this 
viral neutralisation assay [Agadjanyan et al. Nature Biotech 15:547-551 (1997)], 

15 Further such studies include: (a) a peptide mimic of a carbohydrate epitope of the 
Lewis Y antigen has been reported and contains the residues PWLY, which were 
shown to be critical for peptide binding to an antibody specific for the Lewis Y 
antigen [Hoess et al Gene 128:43-49 (1993)] ; (b) peptides that mimic the capsular 

20 that was able to protect mice against infection with a lethal dose of the encapsulated 
baetieria [W6steiinfc et al. (1995) PNAS «2); and (c) the carbohydrate binding site of 
tb& lectin concanavalin A was investigated and peptides that mimic the binding of 
methyl a-D-mannopyranoside to ConA were identified by screening a phage-displayed 
random hexa- or decapeptide library [Scott et dL PNAS 89:5398-402 (1992); 

25 Oldenburg et oL PNAS 89:5393-97 (1992)], 

The present invention may be bett^ understood by reference to the following non- 
limiting Examples^ wliich axe provided as exemplary of Hie invention^ The following 
examples are presented in order to more fiiUy illustrate the preferred embodiments of 
30 the invention. They Should in no way be constmed, however, as limiting the broad 
scope of the invention. 
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EXAMPLES 



EXAMPLE 1 

DC^SIGN. A Di^Rmn r^T^<^pP.nrprr! mv-l BINDING 
5 PROTBINBNHANCBS TRANS-mmcnO^ nv T rPT J5; 



Introduction 

Dendritic cells (DC) capture microorgamsms that enter peripheral mucosal tissues and 
then naigrate to secondary lymphoid organs, where they present these in antigenic 
10 form to resting T cells and tfius initiate adaptive immune responses. Hie mechanism 
.by which DC capture HIV-1 and promote infection of CD4*T cells has not been ?. . 
elucidated, and it has been unclear whether there is specificity in the interaction of DC 
with virus. Indeed heretofore, no specific dendritic cell receptor had been ideintiSed 
that was involved in HIV infection of TceUs. : • 

15 

Methods 

Antibodies: The antibodies (mAb) used are 2D7 (anti-CCR5; Becton and Dicldnson & 
Co., Oxnard, OA) and anti-CD4 (EtFA-T4; FharMingen, San Diego, CA). 
Anti-DC-SIGN mAb AZN-Dl and AZN-D2 were obtained by screening hybndoma 
20 supematants of human DC-immunized BALB/c mice for the ability to block adhesion 
of DC to ICAM-3, as measured by die fluorescent bead adhesion assay. 



Cells: Immatiire deadntic cells (DC ) were cultured from monocytes in the presence 
of IL4 and GM-CSF (500 and 1000 U/ml, respectivdjr, Schering-Plou^, Brussels, 

25 Belgium) [Sallusto andLanzavecchia, /. Exp. Med, 179:1109-1118 (1994) and 
Romani etal J. Exp. Med, 180:83-93 (1994)]. At day 7 the phenotype of the 
cultured DC was confirmed by flowcytometric analysis. The DC express high levels of 
MHC class I and H, aMp2 (CDllb), aXp2 (CDl Ic) and ICAM-1, moderate levels of 
LFA-1 and CD80, and low levels of CD14. Stable K562 transfectants expressing 

30 ICAM-3 (K562-ICAM-3) were generated by co-transfection of K562 with 10 |ig 
PCRU ICAM-3 plasmid and 2 jig PGK-hyg vector [te Riele et al,. Nature 
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348:649-651 (1990)] by electroparation as described [Lub et aZ., Mot Biol Cell 
&719-728 (1997)]. Stable THP-1 transfectants exptessmg DC-SIGN were generated 
by transfection of THP-1 cells wifli pRc/CMV-DC-SION by electroporation similarly 
as described above for K562-ICAM-3, 

5 

Isolation and e:qyression of the cDNA encoding DC-SIGN: Immunopiecipitated DC- 
SIGN was identified by peptide sequencing. Tiyptic digestion, purification of the 
resulting peptides and sequence analysis was pecfoxmed by Burosequence BV 
(Gxoningen, The Nethedands). Hie cDNA encoding the placenta gpl20 binding C- 

10 type lectin was anipMed by RT-PCR on total RNA from DC. PGR primers were 
based on the nucleotide sequence of ttie placenta gpl20 binding C-type lectin 
[accession no. M98457, Curtis et al., Proc. Natl Acad ScL U.SJL, 89:8456-8360 
(1992)] and the nucleotide sequences. (5* to 3') are as follows: • 

XE29: AGAGTGGGGTGACATGAGTG (SEQIDNOrll) 

15 XR1265: GAAGTrCTGCTACGCAGGAG (SEQIDNO;12) 

The nucleotide sequence of the cloned cDNA was identical to fliat of the placenta 
gpl20 C-type [Curtis et al, Proc. Natl Acad ScL U,SA., 89:8456-8360 (1992)]. The 
cDNA was subsequenfly cloned into the eukaryotic expression vector pRc/CMV 
(pRo/CMVid3G^G^ 

20 generated by transfection of TIIP-1 cells with pRc/CMV pRe/CMV-DC-SIGN by 
electroporation siinitarly as described above for K362;-ICAM-^^^ 

Fluorescent bead adhesion assay: Carboxylate-modified TransFluorSpheres (488/645 
nm, 1.0 Jim; Molecular Probes, Eugene, OR) were coated with either ICAM-3-Fc or 

25 M-tropic HIV-Imj, envelope glycoprotein gpl20 by standard methodology 

[Geijteabeek et al. Blood, 94(2):754-64 (1999)]. The fluorescent beads adhesion 
assay was perfbtmed as descaibed by Geijtenb^ek et al, [Blood, 94(2):754-64 (1999)]. 
; Briefly, cells wetfe jfesuspended in Adhesion buffer: (20 mM Tris-HCl pH 8.0, ISO roM 
Naa, IndM CaCla, 2 mM MgCIa. 0.5% BSA) at a final concentration of 5x10^ 

30 cells/ml. 50,000 cells were pre-incubated with mAb (20 jig/ml) for 10 min at room 
temperature (RT). ligtod-coated fluorescent bead? (20 beada/ceU) were added and 
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the suspension was incubated for 30 min at 37°C. Adhesion was detennined by 
measuidng the percentage of cells, which have bound fluorescent beads, by 
flowcytometcy using the FACScan (Becton and Dickmson & Co., Oxnard, CA). 
For the M-tropic HIV-Imn envelope glycoprotein gpl20 beads, streptavidin was 
5 covalenfly coupled to the TransHuorSpheres as described previously [Geijtenbeek et 
oL, Blood, 94(2):754-64 (1999)]. Streptavidin-coated beads were incubated with 
biotinylated F(ab')2 fragmmt rabbit anti-sheep IgO (6 jig/ml; Jackson 
Immunoresearch) followed by an overnight incubation with slieep-anti-gpl20 
antibody D7324 (Aalto Bio Reagents Ltd, Dublin, Ireland) at 4**C. The beads were 
10 washed and incubated with 250 ng/nal purified HTV-l gpl20 ^vided by 

Immunodiagnostics, Ihc through the NE AIDS Research and Reference Reagent : 
Program) overnight at 4**^ The fluorescent beads adhesion assay was again 
performed as describedbyGeqtenbeekeraL[SZood,94(2):754-64 (1999)]. • r uv 

15 Heterotypic cell clustering and DC-induced T cell proliferation: DC and ICAM-3 
expressing cells (2x10^ cells/ml) were labeled respectively with sulfluorescein: 
(Molecular Probes; 50 jxg/ml) and hydroethidine OMolecular Probes; 40 ng/nd) for 1 
hour at 37''C. DC and the ICAM-3 expressing cells were mixed (50x10^ cells each) 
and incubated at 37**C. At different time points the cells were fixed with 

20 paraformaldehyde (0.5%) and heterotypic cell clustering was measured by 

flowcytometry. Clustering between DC with resting T cells was assessed by a dijQFerent 
method. DC (50x10^ cells) were pre-incubated with/without the anti-DC-^IGN mAb 
AZN-Dl and A22^-D2 (10 fig/ml) for 10 min. at RT. Allogeneic PBL (1x10* cells), 
labeled with the fluorescent dye Calcein-A Molecular Probes; 25 jig/10* cells/ml for 

25 30 min. at 37^),' were added and the cell mixture was incubated at 37°C. The 
clustering was determined by measuring percentage of DC which have bound 
fluorescent T cells by flowcytometiy. Allogeneic responder T-lymphocytes (100x10^) 
were added to DC (1.5x10^) in the presence of blocking mAb (20 jxg^ml). The cells 
were cultured for 4 days. On day 4 the cells were pulsed for 16h with [^mediyl- 

30 thymidine 1.52 TBq/mmol, 0.5 jaCi/well; Amersham) and thymidine incorporation 
was quantified. 
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H77-J infection of both DC md DC-SIGN transfectants: The M-ttopic strain 
HIV-1b^ was grown to high titer in monocyte-derived macrophages (MDWO. Seven 
days.after titration of the virus stock on MDM, TCEDjo was determined with a p24 
antigen ELES A (Diagnostics Pasteur, Mames la Coquette, Brance) and estimated as 
5 Kf/wl. DC (50xl(fiX pre-incubated with mAb against DC-SIGN (AZiSf-Dl and 
AZN-D2) or CD4 (RPA-T4) (20 A^g/ml) or a combination of CCR5 specific 
chemoknxes (ElANTBS, MEP-la, MDP-lp; each 500 ng/iol) for 20 min. at RT, were 
pulsed for 2 hours with HIV-lBai (at a multiplicity of infection of 10^ infectious units 
per 10^ cells), washed and co-cultured with activated PBMC (SQxlC). No DC-T cell 

10 syncytium formation was observed. The post-infection experiment was performed 
sinodlarly ^cept that the mAb or chemokines were added after the washing step of the 
HIV-1 pulse, together with the activated FBMC. Culture supematants were collected 
at day 5, 6, 7, and 9 after DC^T cell co-culture and p24 antigen levels^ as a measure of 
HIV-1 production were determined by a p24 antigen BUS A. P BMC weace activated 

15 by cUltqring fliem in the presence of I1/-2 (10 U/inl) mi. PI^A (10 (g^ml) for 2 days. 
Pseudotyped viral stocks were generated by calcium-phosphate transfections of 293T 
cells with the proviral plasmid pNL-Luc-E'R' (containing a luciferase reporter gene) or 
the proviral pHIV-eGEP (containing a GEP reporter gene) and expression plasmids for 
ADAriiSlH^ and JR<2SE^:^^^ and 

20 construction of the plasmids encoding the piimaiy virus envelopes from 92US71S.6, 
92BR020.4 and 93X0966.8 has been previously des<aribed Pjcmdal et al, X ViroL, 
7l(10):7478-87 (1997)], Viral stocks were evaluated by limiting dilution on 
293T-CD4-CGR5 cells. HIV-1 pseudotyped with murine leukemia virus (MLV) 
amphotropic Env and vesicular stomatitis virus glycoprotein (VSV-G) were used to 

25 ensure target cell viability. 

Imnamohistochemical emalysis: Cryosections (8 jim) of the tissues were fixed in 
100% acetone (10 min), washed witfi PBS and incubated wiflh the fijst antibody (10 
^g/ml) for 60 min at 37°C. After washing, the final staining was p^ormed with the 
30 ABC-AP Vectastain kit (Vector Laboratodes, Burlingame, CA) according to the 
manufactures protocol. Nuclear staining was preformed with hematoxylin. 
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Results 

A screea for molecules thiat bind to fiie adhesion molecule ICAM-3, which" is 
expressed constitutively on T lyaq)hocytes, was performed. A dendritic cell-q)ecific 
C-type lectin that binds with high affinity to ICAM-3 was identified iand designated 
5 DC-SIGN. Monoclonal antibodies were prepared against dradritic cell surface 
molecules th^ blocked binding of ICAM-3 to the dendritic cells (DC). One such 
antibody was used to purify DC-SIGN and then clone the cDNA. Nucleotide 
sequence analysis of the cDNA mdicated that this molecule is identical to a 
previously-described HIV-1 gpl20-hinding C-type lectin that was identified in a 

10 screen of a placental cDNA library for HIV gp 120-binding cell surface proteins. 
[Curtis et al.Proc, Natl Acad ScL U.SA., 89:8456-8360 (1992); IhtemationaL. 
PubUcation, WO 93/018201 which had a nucleotide sequwice of SEQID NO:l, and an 
amino acid sequence of SEQ ID NO:2. A splice variant of this protein hasjbefai'^tr: 
reported by others that has the nucleotide sequence of SEQ ID NO: 16, and an amino 

15 acid sequence of SEQ ID NO: 17. 

DC-SIGN is a DC-specific HIV-1 binding protein: DC-SIGN is now identified fiS a 
dendritic cell-specific ICAM-3 adhesion receptor that mediates dendritic ceU (DC)-T 
cell interactions. Flow cytometric analysis of an extensive panel of hematopoietic 

20 cells with anti-DC-SIGN antibodies demonstrates that DC-SIGN is preferentially 
expressed on in vitro cultured DC but not on other leukocytes such as monocytes and 
peripheral blood lymphocytes (PBL) (Hgure lA, Table 1). Identification of DC-SIGN 
by peptide amino acid sequKicing of the 44 kD immunoprecipitated protein revealed it 
to be 100% identical in its amino acid sequence to the BDV-l envelope glycoprotein 

25 gpl20-binding C-type lectin previously isolated from a placental cDNA library [Curtis 
et oL, Proc. Natl Acad ScL K&A, 89:8356-8360 (1992), SEQ ID NO:2]. To 
determine whether this molecule has a role in binding of HIV to DC, a flow 
cytometric adhesion assay was used [Geijtenbeek et oL^ Blood, 94(2):754-64 (1999)] 
to examine the ability of HTV-l gpl20-coated fluorescent beads to bind to immature 

30 DC CFigure IB). The gpl2(>^oated beads bound efficienfly to the DC, and flie 
binding was conq)letely blocked by the anti-DC-SIGN antibodies AZN-Dl and 
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AZlSr-D2. ia contrast, neutralizing anti-CD4 antibodies had no eSect on gpl20 
binding to DC. This lesnlt indicates ttiat, althongh the piimaiy HIV-1 receptor CD4 is 
expressed on DC (Figures IC-ID), HIV-l gpl20 preferentially hinds to DC-SIGN. 
Similarly, the monocytic cell line TEDP-1, which lacks expression of both CD4 and 
5 OCRS, bound the gpl20-coated beads afier it was transfected with a DC-SION 
expression vector (Figure IQ. 
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TABI£ 1: Ex pression level of DC-SIGN on hgrnat opoietic cells as determined bv 
flowcvtomstric analyses and RT-PCR. 



Celi-t3^ 


DC-SIGN 


DC-SIGN 




expression* 


mRNA** 


inonocytes 


<15 


- 


immatxue DC day 7 


980 


+ 


matuieDCday94: 






IPS 


489 


+ 


MCM/PGE2 


445 


+ 


TNFa 


420 


+ 


PBL 


£15 




T cells 


<15 




B cells 


<15 




thymocytes 


<15 




granulocytes 


<15 




CD34+ ceUs 


<15 


n.d. 


PBMC (activate<f) 


£15 




Tcelllmes* 


<15 




monocytic cell lines*^ 


£15 





20 

* mean fluorescence of staining with AZN-Dl 

** RT-PCR with the DC-SIGN-spedfic primers 3QF29 and XR1265 on total RNA 
isolated from the different cells 

t iinmature DC were nmturated with QM<;SF,II^ and either 
25 combination of MCM and prostaglandin B2. 

* activated with PHA (10 jigM) and ILr2 (10 U/ml) for 2 days 
^ T cell lines : HSB, PEER, GEM and Jmkat 

^ monocytic cell lines: THP-1, MM6 and U937 
n.d, not detecmined 
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HIV-1 gpl20 binding to this cell line, THP-DC-SIGN, was also blocked by 
anti-DC-SIGN antibodies, but not by anti-CI>4 (Rgure IE). Binding of HIV-1 gpl20 
to DC-SIGN exporessed on DC or THP-DC-SIGN was also inhibited by the 
carbohydrate mannan or EGTA, consistent with previous jBndings [Curtis et al, Proc. 
5 Natl Acad. ScL U.SA., 89:8356-8360 (1992)] and with the observation that DC-SIGN 
is homologous to other memb^ of the Ca^ binding mannose-^e lectins [Wds et 
aU bntmmol Rev,, 163:19-34 (1998)]. Together, these results demonstrate that 
DC-SIGN is a specific dendritic cell surface receptor for the HIV-1 envelope 
• glycoprotein. 

10 

DC-SIGN is required for efficient HIV-l infection in DC-T cell co-cultures: Because 
DC-SIGN is exclusively expressed on DC and has high affinity for HIV-1 gpl20, it 
appeared reasonable to assume that it could play an important role in MV-l infection 
of DC or of T cells that make contact with DC. Immature DC, which express low 

15 levels of CD4 and CCR5 and abundant DC-SIGN (Figures IC-ID), were pulsed with 
the R5 isolate HTV-Iba-l for 2 hours, washed and cultured in the presence of activated 
T cells (Figures 2A and 2B). To determine the contribution of each of these receptors 
in this assay system, the effects of antibodies agamst CD4 and DC-SIGN and of a 
combination Of three CCEtS-spedfic ehemoldnes (ElANTES, MIP-1 a and MlP^ip) 

20 were examined Pre-incubation of the immature DC with antibodies against 

DC-SIGN prior to infection resulted in aighificarit iiMiifion of EfV-1 "replication 
(Figure 2A). Neither anti-CD4 nor the CCR5-specific chemolanes inhibited on their 
own, although a combination of these did block infection of DC as efficiently as 
anti-DC-SIGN antibodies (Rg. 2A). Activated T cells challenged with the same viral 

25 load exhibited a weaber infection than those cultmsd with virus-pulsed DC. 

Since DC-SIGN binds to ICAM-3 on T cells, it is possible that antibodies against 
DC-SIGN could interfere with the DC-T cell interaction and thereby prevent HtV-l 
transmission. To examine this possibility, antibodies against DC-SIGN were added 
30 after exposure of DC to HIV-1, but prior to the addition of activated T cells. la this 
setting, only CCR5-specific ehemoldnes and anti-CD4 antibody strongjy inhibited 
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KV-l infection of T cells, while antibodies against DC-SIGN had no effect (Figure 
2C). Thiese results ihiis suggest that DC-SIGN has an important function in 
propagation of HIV-1 in DC-T cell co-cultures and fliat this function is related to the 
ability of DC-SIGN to bind to gpl20 and not to its interaction with ICAM-3. 

5 

DC-SIGN does not mediate HlV-1 entry: To investigate whether DC-SIGN acts as a 
receptor fliat permits HIV-1 entry, similar to CD4 plus CCR5, HV-l entry into 293T 
cells that expressed eitiier DC-SIGN (293T-DC-SIGN) or CD4 and CCR5 
(293T-CD4-'CCR5) was examined. Cells were pulsed ovemi^t witii HrVeAi, washed 
10 the next day, and p24 levels were determined. There was no detectable p24 protein in 
the culture supematants harvested from 293-DC-SIGN cells several days after the ^ 
mV-l pulse, whereas the 293T'.CD4-CCR5 cells were readily infected (Figure 3A). 



To examine the possibility that DC-SIGN may work in conjunction with either CD4 or 
15 CCR5 to pranit viral entry, the studies were extended by using HIV-1 pseudotyped 
with the envelope glycoprotein of the R5 isolate HIV-Iada- ^ replication-defective 
HIV-1 genome that encoded a iuciferase reporter gqne was CT^loyed which allows a 
quantitative measure of the levels of single-round infection (Figure 3B) [Deng et al.. 
Nature, 381(6584):661-666. Xransientiy transfected 293T cells expressing either 
20 CCR5 (293T-CCR5), CD4 (293T-CD4), or bofli (293T-CD4-CCR5), in the presence 
or absence of DC-SIGN, were infected with ttie reporter virus, and Iuciferase levels 
were determined after two days. As observed witii replicating virus, HIV-1 entry was 
not detected in 293T cells that expressed only DC-SIGN OFigure 3B). No infection ; 
was observed if DC-SIGN was expressed with either CD4 or CCR5, indicating that 
25 DC-SIGN does not form a complex with these molecules to permit viral, entry. In 
contrast, high Iuciferase activity was obtained after infection of 293T cells expressing 
botii CD4 and CCR5, and expression of DC-SIGN did not contribute further to viral 
entry into these cells (Fig^ire 3B). Iherefore, DC-SIGN cannot substitute for CD4 or 
CCR5 in the process of HIV-1 entry. 
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DC-SIGN captures HTV-l cmd facilitates infection ofHIV-l permissive cells in trans: 
Because DC-SIGN did not appear to mediate virus entry into target cells, it seemed 
possible that in a DC-T cell co-culture (Figure 2A) DC-SIGN might facilitate both 
capture of HTV-l on DC, independent from CD4 and CCR5, and the subsequent 
5 transmission of HIV-1 to the CD4/CCR5-positive T cells. To test this, 

THP-DC-SIGN transfectants, which do not express CD4 or CCfl5 (Figure IC) and 
which cannot be infected by HEV-1, were pulsed with single-round BDlV-ludfeiase 
virus pseudo^ed with the HIV-l^A ^velope g^ycoprotein. After washing to 
remove unbound virus, the cells were co-cultured with CD4/CCR5-exprBssing 293 T 

10 cells, which are permissive for HIV-1 infection, or activated T lymphocytes. 

THP-DC-SIGN cells were able to c^ture the pseudotyped virus and transmit it to the 
target cells that expressed the receptors required for viral entry (Kgure 4A). HIV-1 
capture was completely DC-SIGN dependent, as antibodies against DC-SIGN 
inhibited HIV-1 infection (Rgure 4A) and DC-SIGN-negative parental THP-1 cells 

15 were unable to capture and transmit HIV-^1 (Figures 4A and 4B). DC-SIGN-mediated 
infection of the target cells was not due to DC-SIGN binding to ICAM-3, since 293T 
cells are ICAM-3-negative. Hiese findings indicate that DC-SIGN expressed at the 
surface of heterologous cells can capture HTV-l in a form that retains its capacity to 
stibsisquentlyMectHIV-l-i^^ abHityirfSiGl^iCM^ and 

20 transmit HTV-l was also observed with HlV-ludferase viruses pseudotyped with 
eiiryelope glyooprotdbas from an addttioiial five CCRS-tfdpic isdates, includmg tiiree 
primary isolates (Figure 4B) and from with HFV-luciforase viruses pseudotyped with 
envelope glycoprotdns from CXCR4-tropic isolates . 

25 Analysis of luciferase activity in both adherent (293T-CD4-CCR5) and non-adherent 
(THP-DC-SIGN) ceU fractions after 2 days of co-culture demonstrated that productive 
HIV-l infection occured only in the HlV-l permissive 293T-CD4-C:CR5 cells. 
Similarly, by using a psetiddtyped HIV-1 vectbr with the green fluorescent protein 
gene in place of Nef (HFV-eGFP), it was demonstrated that cells expressing 

30 CD4/CCR5 and not those expressing DC-SIGN were infected in co-cultures. Thus, 
after co-culture of virus-pulsed THP-DC-SIGN cells with T cells, only the CD3'*' T 
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cells expressed virus-encoded GFP (Hguie 4C). 

Sexual transmission of HIV-1 is likely to require a means for small amounts of vinos 
to gain access to cells that are permissive for viral replication. This may be achieved 

5 because of the ability of virus to interact with DC, which can capture HIV-1 and 
present it to the pennissive cells. To mimic in-vivo conditions in which HIV-1 levels 
are likely to be limiting, THP-1 transfectants were challenged with low titers of 
pseudotyped HTV-l and subsequently co-cultured these cells with HTV-l pennissive 
cells, without washing away unbound virus (Figure 5 A). As expected, neither 

10 293T-CD4-CCR5 cells nor activated T cells were efficiently infected with the low 
titers of pseudotyped HIV-1 (Figure 5A). Strikingly, when these permissive celk 
were challenged with an identical amount of HIV-1 in the presence of TUP-DC-SIGN, 
but not of the paroital THP-1 cells, efficient HIV-1 infection was observed in. fiha?w 
figure 5A). Hie enhancement of HFV-l infection of 293-CaD4-CCaR5 by DC-SICjN 

15 was also observed with HIV-luciferase viruses pseudotyped with five other R5 
envelopes, including three from primary virus isolates (Figure 5B). These results 
indicate that DC-SIGN not only sequesters HIV-1, but also enhances CD4-CCR5 
mediated HEV-l entry by presentation in trans to the HTV-l receptor complex- 
Antibodies against DC-SIGN completely inhibited infection (Figure 5A), 

20 demonstrating that the efficient enhancement of HIV-1 entry into CD4/CCR5 positive 
cells is DC-SIGN dependent. 

DC present in mucosal tissues at sites ofHIV-l exposure express DC-SIGN and are 
CCRS-negative: Demonstration that cells which express DC-SIGN can capture HTV-l 

25 and efficiently transmit the virus to other cells in trans suggested that DC that express 
this C-type lectin have a key role in viral infection in vivo. To determine whether such 
cells are indeed present in vivo, immunobistochemical analyses of mucosal tissues 
were performed that are the sites of first «posurB during sexual transmission of 
HIV-1 (Figures 6A-6C). DC-SIGN was expressed on DC-lite cells with large and 

30 very irregular morphology that were present in the mucosal tissues, such as rectum, 
ceocvix and uterus (Figures 6A-6C respectively), in regions beneath the stratified 
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squamous epithelium in the lamina propria. Analyses of serial sections stained for 
CD3, CD20, CD14 and CD68 confirmed that DC-SIGN expressing cells were distinct 
from T cells, B cells, monocytes and macrophages. Siixiilarly, staining of lymph nodes 
and skin shows DC-restricted expression of DC-SIGN. The comparison of the 
5 expression of DC-SIGN, CD4 and CCR5 on DC in the mucosa of the uterus and 
rectum was made, and it was found that in serial sections that the majority of 
DC-SIGN-positive DC in these tissues co-expressed CD4 but lached CCR5 (Figures 
6D-6F). This indicates that DC present at mucosal sites that have first contact with 
HIV-1 during sexual transmission, are not infected with HIV-l through usage of 
10 CD4/CCR5. This observation is consistent with the recent demonstration that DC at 
sites of mucosal infection of non-human primates do not become infected [StaM- 
Hennig et dL, Science, 285(543 1):126M265 (1999)]. 

DC-^IGN-bound HIV'l retains infectivity after long-term adture: Jf HIV-l gains 

15 access to secondary lymphoid organs by way of binding to DC, then virus would have 
to retain infectivity. during the transport from the mucosal tissues to the T ceil zones in 
draining lymph nodes. To determine if virus bound to DC-SIGN retains its infectivity 
for 4 prolonged period of time, a time-course experiment was first conducted to 
delenmelhe length Dfetto^^ ^12&momm }^omd^t)C^mmt was 

20 expressed on transfected TEIP-1 cdls. gpl20-Goated beads was observed to remain 
bound to DC-SIGN for more than 60 hours (Figure 7A), Next, (fie length of time 
during which HIV-l-pulsed TBDP-DC-SIGN cells could retain infe^^ 
investigated. The DC-SIGN expressing transfectants were pulsed with pseudo^ed 
HIV-l for 4 hours and then wa^cd extensively. The pulsed cells were subsequmtly 

25 placed in culture and were removed at defined intervals and co-cultured with activated 
T ceEs (Figure 7B). Unexpectedly, after four days the HIV--1 pulsed cells were still 
able to effieienfly infect target cells. In contrast, virus in the absence of DC-SIGN 
positive cells lost its infectivity after one day (see also Figurt 12). These findings 
support the hypothesis that limiting numbers of HIV-l particles, captured by mucosal 

30 DC that express DC-SIGN and CD4 but not CCR5, retain infectivity during and after 
migration to regional lymphoid tissues. T cells, which e^^iess CD4 and CCR5, would 
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then be productively infected due to DC-SIGN-mediated enhanced rron^-infectivity of 
flie ismaU numbers of HTV-l particles (F^ 

The results described above have general applicability to all HIV strains and T cell 
5 types. Thus, Rgure 8 shows that DC-SIGN noiediates capture of SIV, CCR5, CXR4, 
and dual tropic HIV. Viruses encoding the reporter gene luciferase were pseudotyped 
with envelopes fram the CCR5 tropic strains JKRL, ADA, and JRCSF; the CXR4 
tropic strains HxB2 and LAI; the dual tropic strain 89.6; and SIV lAll. IHP or THP- 
DCSIGN cells were pulsed with these viruses, washed, and then added to target cells, 
10 Luciferase activity was measured as an indicator of viral infection of targets (Figure 
8). As is readily apparent, in all cases a striking increase in luciferase activity was; 
observed when the HIV capture was performed in the presence of a facilitator cell that 
expressed DC-SIGN. The same result was observed with HIV pseudotyped with 
envelopes ficom primary viral strains (Figure 9). 

15 

Hgure 10 shows the enhancement of CXR4-tropic HIV infection of activated.T cells. 
THP, TEIP-DCSIGN cells, DC, or DC preincubated with anti-DCSIGN antibody, were 
incubated with HxB2 pseudotyped vims encoding the luciferase reporter gene, 
followed by addition of activ^ed T cell targets. These results further confirm that the 

20 enhancement due to dendritic'cells is DC-SIGN dependent even when the co-receptor, 
ie., the translocating promoter, is CXR4. The enhancement of CXR4-tropic HtV 
infection is also found for unactivated T cells, albeit to a lessor extant than in 
activated T ceUs. Indeed, tiieie is an almost twenty-fold increase in luciferase activity 
related to HIV capture by naive cells performed in the presence of THP-SIGN cells 

25 relative to that performed in the presence of THP cells tiiat do not express DC-SIGN. 
Figure 12 shows that binding to cells expressing DC-SIGN significantiy extends the 
longevity of HxB2, a CXR4-tropic virus. In this case, whereas tibie infectivity of virus 
rapidly decreases after one day, in the absence of a cell expressing DC-SIGN, in the 
presence of a cell expressing DC-SIGN ttie infectivity of the virus reaches a peak at 

30 three days and remains significant at least until five days. 
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Discussion 

A novel dendritic cell-specific adhesion receptor, DC-5IGN, has been identified that is 
identical to the high affinity HIV-1 gpl20 binding C-type lectin cloned fi:om a human 
placental cDNA library [Curtis et al, Proc. Natl Acad. Sci, U.SA., 89:8356-8360 
S (1992)]. However, the present results indicate that contrary to the prior obs^ation, 
DC-SIGN is specifically expressed in dendiitic cells (DC). Furthermoie, DC that 
express both DC-SIGN and CD4 preferentially use DC-SIGN to capture HIV-1 via its 
high afBnity for HTV-l gpl20, DC-SIGN not only efficiently recruits HIV-1 but also 
facilitates EIV-1 infection of CD4^ T ceUs by a novel in trans mechanism. These 
10 findings indicate that BIV*1 utilizes a novel receptor strategy which has not been 
previoiaaly described in other viral systems, and suggest tfiat the virus exploits 
multiple cell surface receptor systems to ensure that it can establish a productive 
iofection in its host organismDC localized in the skin and mucosal tissues such as the 
rectum, uterus, and cervix have.been proposed to play a role in initial HIV-1 infection. 

15 

DC constitute a heterogeneous population of cells that are present in minute numbers 
in various tissues just beneath the demais or mucosal layer, and form a first-line 
defense against viruses and other pathogens. DC have previously been shown to 
seqaesterHKrlanieffidctt^timmit^^ 

20 DC, as disclosed herem, can be ascribed to the ability of HIV-1 to bind specifically to 
these cells flifough the interaction of gpl20 with DG-SIGN. BC thus eflSdenfly 
capture HIV-1 through a specific int^iaction ttiat is indq)rodent firom binding of virus 
to CD4 and CCRS. DC-SIGN cannot mediate HIV-1 entry, but rather functions as a 
unique BDV-l mww-receptor facilitating HIV-1 infection of CD4/CCEl5-positive T 

25 cells (Figures 4 and 5). At low virus titer, CD4/CCR5-expressing cells are not 

detectably infected without the help of DC-SIGN in trans (Rgure 5 A). Conditions in 
which the number of HIV-1 particles is limiting are likely to resemble those found in 
vivo, and the results thus suggest that DC-SIGN may be required for viruses to be 
transmitted from mucosa to T cells tiiat express CD4 and chemoMne receptors. In 

30 addition, the preset results demonstrate that virus bound to DC-SIGN is remarkably 
stable, and can thus retain infectivity for the prolonged periods of time required for 
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DC to traffic via lymphatics from mucosa to regional lymph nodes (Figures 7A and 
7B). 

Mechanism ofDC-^IGN-niediated enhancement ofHTV-l infecHvity: The 
5 mechanisms by which HIV-l exploits the machinery of DC and the properties of 
DC-SIGN to achieve efficient infection of cells that are competent for viral replication 
remain unclear. The process through which DC-SIGN promotes efficient infection in 
trans of cells through their CD4/chemokine receptor complex is of particular interest. 
Binding of the viral envelope glycoprotein to DC-SIGN may induce a conformational 

10 change that enables a more efficient interaction with CD4 and/or the chemoMne 
receptor. As multiple confonnational transitions are required before the envelope, 
glycoprotein initiates fusion with target membranes [Chan and Kim, CelU 93(5):681- 
684 (1997)], the binding df DC-SIGN to gpl20 may facilitate or stabilize one:.t:>fcthese 
transitions. Anti-gpl20 antibodies that inciease infectivity of viral particles have been 

15 described [Lee £rraZ.,/. ViroZ., 71(8):6037-6043 (1997)], and it is likely that DC-SIGN 
has a similar effect i^on binding to the envelope glycoprotein. Alternatively, binding 
of viral particles to DC-SIGN may focus or concentrate them at the surface of the DC, 
and could thus increase the probability that entry will occur after they bind to the 
receptor complex on target cells. In any case, it is clear that DC-SIGN enhances the 

20 infection of T cells since at low multiplicity of infection (MGI) T cells are not infected 
in the absence of DC-SIGN. 

Whether a transient quaternary complex is formed between DC-SIGN, HIV-1 Env, 
CP4 and CCRS remains to be detemuned Elucidation of the crystal stmcture of a 

25 gpl20-CP4 complex has revealed that most glycosylation sites within gpl20 reside in 
a ridge tiiat flanks the CD4 binding pocket [Kwong et oL, Nature, 393(6686), 648-659 
(1998)]. Since mannans block the binding of gpl20 to DC-SIGN, it is likely that this 
C-type lectin binds to one or more carbohydrate moieties in gpl20. It remains 
possible, however, that the lectin domain of DC-SIGN interacts with die polypeptide 

30 backbone of gpl20- Mutant forms of gpl20 and soluble DC-SIGN will aid in the 
elucidation of the mechanism of mhanced infectivity in trans. 
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DC-SIGN, as disclosed herein, binds to ICAM-3, which is expressed constitutively on 
the surface of T l3mphocytes. Enhancement of target cell infectivity by 
DC-SION-bonnd HTV-l is not depradent on the presence of ICAM-3 on target cells. 
However, enhancement of infectivity was consistently better when target cells were T 
5 cells rather than 293-CD4-CCR5 cells. It r^nains possible that the efficiency of viral 
transmission £com earner DC to target T cells may also be enhanced by specific 
adhesive interactions other than the DC-SIGN-ICAM 3 interaction, such as LFA-1- 
ICAM-1 which predominates the adhesion between DC and activated T cells. 
Therefore, antibodies raised against DC-SIGN do not inhibit the DC-T cell 
10 transmission of HIV-1 post-infection (Figure 2C). 

Role cfDC in HIV infection in vivo: The only HEV-1 receptors previously known to 
have a role in HIV-1 raitry were CD4 and a subset of the G-protein coupled - 
chemokme receptors, such as CCR5 and CXCR4. CCRS functions as the major 

15 receptor for strains of virus pfeviously classified as **macrophage-tfopic'*, aiid only 
those strains that can utilize this chemokine receptor can be e£Sciently transmitted 
between individuals [littman. Cell, 93:677-80 (1998)], Other gpl20 bfaiding 
receptors had been previously identified, including DC-SIGN and galactosyl ceramide 
^S^QW^etdlriSti^ncer^ (1991)}, Imt these fr^ to 

20 be involved in viral entry. Tiie present disclosure shows that DC-SIGN not only binds 
HIV-I, but also sequesters HTV-l and thereby catalyzed its i&icy into cells that e^qpress 
CD4 and a chemokine receptor(s). The present results and the pattern of expression of 
the different receptors in mucosal tissues are consistent with DC-SIGN having a key 
function in the early stages of viral infection. Remadaibly, the immunohistochemical 

25 analyses, disclosed herein, clearly demonstrate that CCRS is not expressed in the 
lamina propria of HIV-1 related mucosal tissue (Figure 6), whereas DC-SIGN is 
abimdantly expressed. This observation confiims and extends the findings of fflaHiTr 
et cd. , who showed that DC present in the genital tract also lack CCR5 [Hladik et cd. , 
/. Virol , 73(7):5833-42], and the present results indicate that HIV-1 cannot mfect DC 

30 present at mucosal sites. 



^DOaO: <WO ^Ot64752A2.l^ 



wo 01/64752 



PCT/USOl/06322 



80 

DC-^ION therefore plays a crucial role in initial HTV-l e3q)osure by mediating viral 
binding to DC preseiit in niucbsal tissues, rather fhaii infection of these cells. The 
Mgji level of expression of DC-SIGN on immature DC and its hi^ afBnity for gpl20, 
which exceeds that of CD4 [Curtis et at.. Proa Natl Acad, Sci. U.SA,, 89:8356-8360 
5 (1992)3, indicate that DC-SIGN is endowed with the ability to efficiently capture 
HEV-l, even when the virus is present in minute amounts. HIV-1 may subsequently 
exploit the migratory capacity of the DC to gain access to the T cell compartment in 
lymphoid tissues, DC must be activated to commence their migration, and it is hence 
possible that multimerization of DC-SIGN on the cell surface of DC by interaction 

10 with the multivalent virus particles may initiate this process. Interestingly, the time 
course of HEV-l stability when associated with DC-SIGN shows that DC-SIGN is able 
to capture and bind to HIV-1 for more than 4 days, after which the virus can still infect 
permissive cells. This long-term preservation of HIV-1 in an infectious stateswould 
appear to allow sufficient time for it to be transported by DC trafficking ftom -mucosal 

15 surfaces to lymphoid compartments, where virus can be transmitted (Fig. 7Cy [see 

also Steinman et aU Immunol Rev., 156:25-37 (1997)]. Several groups have reported 
that DC can migrate from the periphery to draining lymph nodes witbin two days after 
anti^n exposure or HIV-1 challenge [Barratt-Boyes et al., J. Immunol, 1S8(10):4543- 
7 (1997); Stahl-Hennig et al. Science, 285(5431): 126 1-5 (1999)]. Viral particles have 

20 also been reported within endocytic vesicles of DC. This observation suggests that 
DC-SIGN-bound HTV-l may be internalized and protected during the time required 
for the cells to complete their journey to the regional lymph nodes. 

The present results indicate that after HIV-1 has been ferried by DC to the lymphoid 
25 compartment, DC-SIGN presets the bound viral particles to the CD4/CCR5 complex 
present on T cells and greatly enhances their entry into these cells (see schematic in 
Figure 7C). Monoclonal antibodies directed against DC-SIGN have bera shown to 
block productive infection occurring in the T cell co-cultuies with 
CD4/CCR5-positive monocyte-derived DC. Therefore, even in the presence of 
30 obligatory HTV-l receptors present in cis on target cells, DC-SIGN fimqtions as a 

/TflTW-receptor for HIV-1 infection of T cells and is critical in the primary co-cultuies. 
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This is the fixst example of such aieceptor that works pdmarily in trails, 
iQterestiiigly, CD4 can also facilitate HTV-l infection of CD4-negative cells that 
express CCR5 by a ^ran^^ieceptor mechanism, although it i^^xt^ins unclear whether 
this is an important route of infection in vivo [Speck et oL, Curr. BioL, 9(10):547-50 
S (1999)]. In that case, interaction of envelope glycoprotein wiHi CD4 results in a 
confotmatioaal change that permits binding of the virus to CCRS on CD4-negative 
cells. Together with the results presented here, these studies indicate that HIV-1 can 
use receptors in trans to facilitate infection of cells which otherwise may be difScult 
to infect either because of lack of proper receptors or because of their anatomical 
10 distribution relative to the sites of HIV-1 exposure. The discovery of the role of 

DC-SIGN in HIV-1 infection may have significant implicaticms for understanding the 
mechanism of HIV-1 transmission and for developing strategies to prevent or block 
viral infection. 

15 EXAMPLB2 = 

UPTAKR OPmyW AN ENDQSQMAL COMPARTMENT 

After pulsing THP-1 cells transfected with DC-SIGN (THP-SIGN cells) with HIV, the 
vku^ internalizes witib^ 

20 with external proteases and/or isubsequent washmg steps. HIV obtained from these 
cells can thra ipfect t^get T celts, In dfecect con&ast, if prdtease treatorait is carried 
out at t=:0, there is no protection and no subsequrat infection of target cells. These 
results indicate that HIV is taken up by endocytosis and subsequently released from 
the cells in infectious form. Similar results were obtained when primary dendritic 

25 cells were used (Fig. 13). A time course of DC-SIGN-mediated internalization of 
gpl20, and subsequent Ipss of ^120 trypsin srasitivity is shown in Hgure 14B. 

Uptake and subsequent; re^lease of HIV particles frpni THP^SIGN cells have kinetics 
similar to those of transferrin, which traffics through recycling endosomes (Rguies 
•30 15A-15B). In addition, HIV particles are observed by confocal microscopy in 

endosomal vesicles, distiiict &om.LAMP+ lysosomes, which is consistent with DC- 
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SIQN-mediated uptake of HIV into recycling endosomes (Figures 16A-16B). 



Therefore, TOP-SIGN cells can capture HTV and increase its inf ectiLvity in trans. In 
contrast, THP-CD4+ cells, which can also capture HIV, cannot enhance infectivity in 
5 txans. Because it is known that CD4 traffics to late endosomes and lysosomes, 
binding of HIV to this receptor would result in its uptake and degradation. 

The present invention is not to be limited in scope by the speciJBc embodiments 
described herein. Indeed, various modifications of fte invention in addition to those 
10 described herein will become apparent to those skilled in the art from the foregoing 
description and accompanying figures. Such modifications are intended to fali within 
the scope of the upended claims. 

It is further to be understood that all base sizes or amino acid sizes, and all molecular 
15 weight or niolecplar mass values, given for nucleic acids or polypeptides are 
approximate, and are provided for description. 

Various publications are cited herein, the disclosures of which are all incorporated by 
references in Ihdr entireties. 

20 
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WRAT TS (^.ATVTRn tq> 

1. An antibody that is specific for an antigenic firagment of gpl20; wherein said 
antigenic fragment is obtained from a portton of gpl20 selected firom the group 
5 consisting of the portion of gpl20 that binds to DC-SIGN and a portion of gpl20 that 
is that is exposed upon gpl20 binding of DC-SION due to the concomitant 
conformational change; wherein said antibody inhibits the trans-enhancement of HIV 
entry into a T cell or macrophage facilitated by dendritic cells. 

10 2. The antibody of Claiml that is a monoclonal antibody. 

3. An immortal cell line that produces the monoclonal antibody according to 
Claim 2. 

15 4. An antibody that is specific for the DC-SIQN-gpl20 binding complex; wherein 
said antibody inhibits the ability of deadritic cells to facilitate the trans-enhancement 
of inv entry into a T cell or macrophage. 

5. A soluble form of human DC-SIGN. 

20 

6. A pharmaceutical composition conqpiising the soluble form of human DC- 
SIGN of Claim S with a phaimaceutically acceptable carrier. 

7. An immunogenic composition conqndsing an adjuvant and an antigenic 
25 fragment of gpl20; wherein said antigenic fragment is obtained fix>m a portion of 

gpl20 selected from the group consisting of the portion of gpl20 that binds to DC- 
SIGN and a portion of gpl20 tiiat is tiiat is exposed upon gpl20 binding of DC-^IGN 
due to the concomitant conformational change. 

30 8. An immunogenic composition comprising an adjuvant and a DC-SIGN-gpl20 
binding complex. 



NSOOaO: <WO ^01647S2A2_L> 



wo 01/64752 



PCTAJSOl/06322 



84 

9. A maDomalian cell that is transfected with a vector encoding human DC-SIGN; 
wherein said cell ci^ facilitate the trans-eioJimceinent of HTV entry into aT cell or 
macrophage. 

5 10. The iiiammaHanceU of Claim 9 that is not a dendritic cell. 

1 1. The manmialian cell of Claim 9 wherein said cell is attached to a solid support 
matrix. 

10 12. A method of filtering a biological fluid to remove a virus expressing an HIV 
envelope glycoprotein that binds DC-SIGN comprising passing the biological fluid 
through the cell of Oaim 11. 

13. The mammalian ceU of Claim 9 that is a human cell. 

15 

14. A transgenic non-buntian p rr^TnTn^l comprising DNA constructs encoding 
hunaan CD4, a human translocation promoting agpnt, and human DC-SIQN, wherein 
said transg^c non-^human Tnammfll is capable of naucosal uptake of HIV, transport of 
the HIV to lymphatic organs and infection of a target T cell and/or macrophage by 

20 mV; and wherein said infection is greatly enhanced relative to a transgenic non-human 
niflmTTifll that does not contain a DNA construct encoding DC-SIGN. 

15. The transgenic non-human mammal of Claim 14 further comprising a DNA 
construct encoding human cyclin T. 

25 

16. The transgenic non-human mammal of Qaim 15 wherein the human 
translocation promoting agent is selected from the group consisting of CCR5, CXCR4, 
CCR2b, CCR3, Bob and Bonzo. 

30 17. The transgenic non-human T r>f|TT^Tnal of Claim 14 which is a mouse. 
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18. A method of treating or preventing HIV infection by inhibiting the trans- 
enhancement of HIV entry into a T cell or macrophage facilitated by dendritic cells 
comprising administering a humanized form of the antibody of Claim 1. 

5 19. A method of idendfying a compound that inteiferBS with the trans-enhancement 
of HTV entry into a cell comprising: 

(a) contacting a first cell with a vector in the presence of a test compound, 
wherdn the vector comprises a viral ravelope protein that binds DC-SICSN, wherein 
the first cell expresses DC-SIGN, and wherein a DC-SIGN-viral envelope protein 

10 complex forms between the first cell and the vector in the absence of the test 
compound; 

(b) removing unbound vector and test compound fimn the first cell; 

(c) contacting a second cell with the first cell; wherein the second cell is 
susceptible to entry of vectors conqmsing the viral envelope protein; and 

15 (d) determining the amount of vector that has entered the second cell; 

wherein a test compound is identified as a compound that interferes with the trans- 
enhancement of HIV entry into a cell when the amount of vector entry is less when the 
test compOtmd is present in step (b) than when it is absent in step (b). 



20 20. Hie method of Claim 19 wherein said removing of step (b) coiq>rises washing 
the unbound visetof andthe test conipdUnd away from first cell. 

21. The method of Claim 19 wheiem the second cell is a T cell or macrophage. 

25 22. Hie method of Qaim 19 wherein the second cell expresses CD4 and a 

translocation promoting agent selected ficom the group consisting of CCR5, CXCR4, 
CCR2b, CCR3, Bonzo, and BOB. 

23 . The method of Claim 22 wheredn the translocation promoting agent is CCR5 
30 and the viral mvelope protein is JKE^. 
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24. The method of Claiml9 wherein the vector contains a marker protein and step 
(c) is peifoimed by detecting the amount of marker protein expressed in the cell. 



25. The method of Claim 24 wherein the Eaarlcac picotdn is selected from the group 
S consisting.of ludfeme and green fluorescent protein. 

26. A compound identified by the method of Claim 19. 

27. An assay for identifying an agent for use in the treatment or prevention of HIV 
10 infection usiiig the transgenic non-human mammal of Claim 16, comprising: 

(a) administering a test compound to the transgenic non-human mammal; 

(b) infecting the transgenic non-human mammal with a virus having an 
HIV envelope glycoprotein; and 

(c) measuring the ability of the transgenic non-human mammal to resist 
IS said infection; wherdn a test compound is identified as an agent for use in the 

treatment or prevention of HEV infection when the measured ability of the transgenic 
mflmmfll to resist said infection is statistically greats in the presence of said test, 
compound than in the absence of said test compound. 



20 28, A compound identified by the method of Qaim 27. 

29, A method of identifying a compound that interferes with the trans-enhancement 

« 

of HIV entry into a cell conoypiising: 

(a) contacting a first cell with a vector and a second cell in the presence of 

25 a test compound, wherein the vector comprises a viral envelope protein that binds DC- 
SIGN, wherein the first cell expresses DC-SIGN, wherein a DC-SIGN-viral envelope 
protein complex forms between the first cell and the vector in the absence of the test 
compound; and wherein the second cdl is susceptible to entry of vectors comprising 
the viral envelope protein; and 

30 (b) deternuning the amount of vector that has entered the second cell; 

wherein a test compound is identified as a compound that interferes with the trans- 
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rahancement of HIV entry into a cell when the amount of vector entry is less in the 
presence of the test compound than in its absence. 

30. The method of Claim 29 wherein the second cell is a T cell or macrophage. 

5 

31. The method of Claim 29 wherem the second cell eiqxtesses CD4 and a 
translocation promoting agaat selected from the group consisting of CCR5, CXCR4, 
CCR2b, CCR3, Bonzo, and BOB. 

10 32. The melliod of Claim 31 wherein the translocation promoting agent is CCR5 
and the viral envelope protdn is JRHL. 

33. The method of Qaim 29 wherein the vector contains a marker protein and step 
(b) is performed by detecting the amount of marker protein expressed in the cell. 

15 

34. The method of Claim 33 wherein the marker protein is selected ftom the group 
consisting of ludferase and green fluorescent protein. 

35. A compdtiixd id^tified by the method of Qaim 29. 

20 

36. A method of id^tifying a compound that interf^s with HIV entry into a cell 
that expresses DC-SIGN comprising: 

(a) contacting a cell that expresses DC-SION with a labeled anti-l>C-SIGN 
antibody under conditions in which the anti-DC-SIGN antibody does not enter the cell; 

25 wherein the DC-SIGN is present on the surface of the cell and the anti-DC-SIQN 
antibody and the surface of the cell form a binding complex; 

(b) . inducing the antibody to enter the ceU in the presence and absen^^ 
compound; whearein in the absence of the compound the antibody enters the cell; 

(c) removing the antibody that remains bound on the surface of the cell; 

30 and 

(d) determining the amount of labeled anti-DC-SIGN antibody that is in the 
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cell; wherein when the amount of labeled anti-DC-SIGN antibody in the cell is less in 
the piesence of the cbB$6mld relative to in its absence the compound is identified as a 
compound that interferes with BIV entry into a cell. 

5 37. The method of Claim 36 wherein the labeled anti-DC-SIGN is fluorescenL 

38. The method of Claim 36 wherein the labeled anti-DC-SIGN is radioactive. 

39. The method of Qaim 36 wherein the cell is a THP-1 cell that is transfected 
10 with DC-SIGN. 

40 A compound identified by the method of Claim 36. 

. '...',.•-■»> 

41 . A method of identifying a compound that interferes with HIV catry into a cell 

15 &at expresses DC-SIGN comprising: 

(a) contacting a ceU&at expresses DC-SIGN with a labeled HIV particle _ 
under conditions in which the HIV particle does not enter the cell; wheiein the DC- 
SIGN is present on die surface of the ceU and the HIV particle and tibie surface of the 
cell form a binding complex; 

20 (b) inducing the HIV particle to ento: the cdl in the presence and absence 

of a con^)Ound; wherein in the absence of the compound the HIV particle enters the 
cell; 

(c) removing the HIV particle that remains bound on the surface of liie cell; 

and 

25 (d) determining the amount of labeled HIV particle that is in the cell; 

wherein when the amount of labeled HIV particle in the cell is less in the presence of 
the compound relative to in its absence the compound is identified as a compound that 
interferes with HIV entry into a cell* 

30 42. The method of Claim 41 wherein the labeled HIV particle is fluorescent 
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43. Tlie method of Qaim 42 wheasin said determining is perfonned by FACS. 

44. Tlie method of Claim 41 wherein the labeled HTV partide is iadioactive. 

5 45. The method of Claim 41 wheredn the cell is a THP-1 cell that is transfected 
with DC-SIGN. 

46. A compound idraitified by die method of Claim 41 . 

10 
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<110>'Littiaan, Dan K. 

Kwon, Douglas 5, • 
van Kooyk, Yvette ■ 
Geijtenbeck, Tneo 

<120> METHODS OF USING A FACHiITATOR OF RETROVIRMj ENTRY INTO 
CELLS 

<130> 1049-1-017 PCT 

<140> UNASSI6NED 
<141> 2001-02-28 

<15'o> 09/517,605 
<151> 2000-03-02 

<160> 17 • 

<170> Patentin Ver. 2.0 

<210> 1 

<211> 1312 

<212> DNA. 

<213> Homo sapiens 

<22D> 

<221> CDS 

<222> (42).. (1253) 

<400> 1 

ctaaagcagg agttctggac actgggggag agtggggtga c atg.agt gac tec aag 56 

Met Ser Asp Ser Iiys 
1 5 

gaa cca aga ctg cag cag ctg ggc etc ctg gag gag gaa cag ctg aga 104 
Glu Pro Arg Leu Gin Gin Leu Gly Leu Leu Glu Glu Glu Gin Leu Arg 
10 15 20 

ggc ctt gga ttc cga cag act cga gga tac aag age tta gca ggg tgt 152 
Gly Leu Gly Phe Arg Gin Thr Arg Gly Tyr Lys Ser Leu Ala Gly Cys 
25 30 35 

ctt ggc cat ggt ccc ctg gtg ctg caa etc etc tec ttc acg etc ttg 200 
Leu Gly His Gly Pro Leu Val Leu Gin Leu Leu Ser Phe Thr Leu Leu 
40 45 50 

get ggg *ctc ctt gtc caa gtg tec aag gtc ccc age 'tec ata agt cag 248 
Ala Gly Leu Leu Val Gin Val Ser Lys Val Pro Ser Ser He Ser Gin 
55 60 • 65 

gaa caa tec agg caa gac gcg ate tac cag aac ctg acc cag ctt aaa 296 
Glu Gin Ser Arg Gin Asp Ala He Tyr Gin Asn Leu Thr GJ^n Leu Lys" 
70 '75 . 80 • 85 

get gca gtg ggt gag etc tea gag aaa tec aag etg cag gag ate tac 344 
Ala Ala Val Gly Glu Leu Ser Glu Lys Ser Lys Leu Gin Glu He Tyr • 
90 35 100 

cag gag ctg acc cag ctg aag get. gca gtg ggt gag ctt cca gag aaa 392 
Gin Glu Leu Thr Gin Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lys 
105 110 115 . 

tct aag ctg cag gag ate tac cag gag ctg acc egg ctg aag get gca 440 
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Ser Lys Leu Gin Glu lie Tyr Gin Glu Leu Thr Arg Leu Lys Ala Ala 
120 125 130 

gtg ggt gag ctt cca gag aaa tct aag ctg cag gag ate tac cag gag 488 
Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu He Tyr Gin Glu 
; 135 140 145 

ctg acc tgg ctg aag get gca gtg ggt gag ctt cca gag aaa tct aag 536 
Leu Thr Trp Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lya Ser Lys 
150 155 160 165 

atg cag gag ate tac cag gag ctg act egg ctg aag get gca gtg ggt 584 
Met Gin Glu He Tyr Gin Glu Leu Thr Arg Leu Lys Ala Ala val Gly 
170 175 180 

gag ctt cca gag aaa tct aag cag cag gag ate tac cag gag ctg acc 632 
Glu Leu Pro Glu Lys Ser Lys Gin Gin Glu He Tyr Gin, Glu Leu Thr 
IBS 190. . 195 

egg ctg aag get gca gtg ggt gag ctt cca gag aaa tct aag cag cag 680 
Arg Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Gin Gin 
'200 205 210 

gag ate tac cag gag ctg acc egg ctg aag get gca gtg ggt gag ctt 728 
Glu He Tyr Gin Glu Leu Thr Arg Leu Lys Ala Ala Val Gly Glu Leu 
215 220 225 

cca gag aaa tct aag cag cag gag ate tac cag gag ctg acc cag ctg 776 
Pro Glu Lys Ser Lys Gin Gin Glu He Tyr Gin Glu Leu Thr Gin Leu 
230 235 240 245 

aag get gca gtg gaa cgc ctg tgc cac ccc tgt cec tgg gaa tgg aca 824 
Lys Ala Ala Val Glu Arg Leu Cys His Pro Qys Pro Trp Glu Trp Thr 
250 255 . 260 

ttc ttc caa gga aac tgt tac ttc atg tct aac tec cag egg aac tgg 872 
Phe Phe Gin Gly Asn Cys QiVr Phe Met Ser Asn Ser Gin Arg Asn Trp 
265 270 275 

cac gac tec ate acc gee tgc aaa gaa gfeg- ggg gee cag etc gte gha 920 
His Asp Ser He Thr Ala Cys Lys Glu Val Gly Ala Gin Leu Val Val 
280 285 250 

ate aaa agt get gag gag eag aac ttc eta cag ctg cag tot tec aga 968 
He Lys Ser- Ala Glu Glu Gin Asn Phe Leu Gin Leu Gin Ser Ser Arg , 
295 300 305 

agt aac cgc ttc acc tgg atg gga ctt tea gat eta aat cag gaa ggc 1016 
Ser Asn Arg Phe Thr Trp Met Gly Leu Ser Asp Leu Ash Gin Glu Gly 
310 315 320 325 

acg tgg caa tgg gtg gac ggc tea cet ctg ttg cec age ttc aag cag 1064 
Thr Trp Gin Trp Val Asp Gly Ser Pro Leu Leu Pro Ser Phe Lys Gin 
330 335 340 

tat tgg aac aga gga gag cec aac aac gtt ggg gag gaa gac tgc gcg 1112 
Tyr Trp Asn Arg Gly Glu Pro Asn Asn Val Gly Glu Glu Asp Gys Ala 
345 350 . 355 

gaa ttC agt ggc aat ggc tgg. aac gad gap. aaia tgt aat ctt gcd daa 1160 
Glu Phe Ser Gly Asn Gly Trp Asn Asp Asp Lys Cys Asn Leu' Ala Lys 
360 365 370 

ttc tgg ate tgc aeia aag tec gca gee tec tgc tec agg gat gaa gaa 1208 
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Phe Tzrp lie Cys Lya Xiys Set Ala Ala Ser Cys Ser Arg Asp Glu 6lu 
' "375 • • • 380 * 3&5 ' 

cag ttt ctt tct cca gcc cct gcc acc cca aac ccc cct cct gcg 1253 
61a Phe Leu Ser Fro Ala Pro Ala Thr Pro Asn Pro Pro Pro Ala 
390 395 400 

tagcagaact tcaceccctt ttaagctaca gttccttctc tccatccttc gacctttag 1312 

<210> 2 
<211> 404 
<212> PRT 

<213> Homo sapiens 
<400> 2 

net Ser Asp Ser Lys Glu Pro Arg Leu Gin Gin Leu Gly .Leu Leu Glu 

1 , . 5 10 15 

Glu Glu Gin Leu Arg Gly Leu Gly Phe Arg Gin Thr Arg Gly Tyr Lys 
20 • 25 30 

Ser Leu Ala Gly Cys Leu Gly His Gly Pro Leu Val Leu Gin Leu Leu 
35 40 45 

Ser Phe Thr Leu Leu Ala Gly Leu Leu Val Gin Val Ser Lys Val Pro • 
50 55 60 

Ser Ser ile Ser Gin Glu Gin Ser Arg Gin Asp Ala lie Tyr Gin Asn 
65 70 75 80 

Leu Thr Gin Leu Lys Ala Ala Val Gly Glu Leu' Ser Glu Lys Ser Lys 
85 ' 90 . 95 

Leu Gin Glu lie Tyr Gin Glu Leu *l!hr 61n Leu Lys Ala Ala Val Gly 
100 105 110 

Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu Ile Tyr Gin Glu Leu Thr 
115 12P 125 

Arg Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin 
130 135 140 

Glu lie Tyr Gin Glu Leu Thr Trp Leu Lys Ala Ala Val Gly Glu Leu 
145 150 155 160 " 

Pro Glu Lys Ser Lys Met Gin Glu He Tyr Gin Glu Leu Thr Arg Leu 
165. 170 • 175 

Lys Ala Ala Val Gly Glu Leu Pro Glu Lys . Ser Lys Gin Gin Glu lie 
180 185 ' . 190 

Tyr Gin Glu I/eu Thr Arg Leu Lys Ala Ala Val Gly Glu Leu Pro Glu . 
195 200 205 

Lys Ser Lys Gin Gin Glu lie Tyr Gin Glu Leu Thr Arg Leu Lys Ala. 
210 215 220 ' 

Ala val Gly Glu Leu Pro Glu Lys' Ser Lys Gin Gin Glu Ile Tyr Gin 
225 .230 ' 235 240 

Glu Leu Thr Gin Leu Lys Ala Ala Val Glu Arg Leu Cys His Pro Cys 
245 • 250 255 



3 
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Pro Trp Glu Trp Thr Phe Phe Gin Gly Asn Cys Tyr Phe Met Ser Asn 

260 265 270 

Ser Gin Arg Asn Trp His Asp Ser He Thr Ala Qys Lys Glu Val Gly 
275 280 . 285 

Ala Gin' Leu Val Val He Lys Ser Ala Glu Glu Gin Asn Phe Leu Gin 
290 295 300 

Leu Gin Ser Ser Arg Ser Asn Arg Phe Thr Trp Met Gly Leu Ser Asp 
305 310 315 320 

Leu Asn Gin Glu Gly Thr Trp Gin Trp Val Asp Gly Ser Pro Leu Leu 
325 330 335 

Pro Ser Phe Lys Gin Tyr Trp Asn Arg Gly Glu Pro Asn. Asn Val Gly 
340 345 ' .350 

Glu Glu Asp Cys Ala Glu Phe Ser Gly Asn Gly Trp Asn Asp Asp Lys 
355 360 365 

Cys Asn Leu Ala Lys Phe Trp He Cys Lys Lys Ser Ala Ala Ser Cys 
370 375 380 

Ser Arg Asp Glu Glu Gin Phe Leu Ser Pro Ala Pro Ala Thr Pro Asn 
385 390 395 400 

Pro Pro Pro Ala 



<210> 3 

<211> 458 

<212> PRT 

<213> HOBoo sapiens 

<400> 3 — 

Met Asn Arg Gly Val Pro Phe Arg His Leu Leu Leu Val Leu Gin Leu 
1 5 .10 15 

Ala Leu Leu Pro Ala Ala Thr Gin Gly Lys Lys Val Val Leu Gly Lys 
20 25 30 

Lys Gly Asp Thr Val Glu Leu Thr Qys Thr Ala Sex Gi» Lys Lys Ser 
35 40 45 

He Gin Phe His Trp Lys Asn Ser Asn Gin He Lys lis Leu Gly Asn 
50 55 60 

Gin Gly Ser Phe Leu Thr Lys Gly Pro Ser Lys Leu Asn Agp Arg Ala 
65 .70 . 80 

Asp Ser Arg Arg Ser Leu Trp Asp Gin Gly Asn Phe Pro Leu He He 
85 90 95 

Lys Asn Leu Lys He Glu Asp Ser Asp Thr Tyr He Cys Glu Val Glu 
100 105 110 

Asp Gin Lys Glu Glu Val Gin Leu Leu Val Phe Gly Leu Thr Ala Asn 
115 120 125 

Ser Asp Thr His Leu Leu Gin Gly Gin Ser Leu Thr Leu Thr Leu Glu 
130 135 140 
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Ser Pro Pro Gly Ser Ser Pro Ser val Gin Cys Arg Ser Pro Arg Gly 

U5' ■ . 156 ■ ■ 155 : 16D 

Lys Asn He Gin Gly Gly Dye Thr Leu Ser Val Ser Gin Leu Glu Leu 
165 170 175- 

Gln Asp Ser Gly Thr Trp Thr Cys Thr Val Leu Gin Asn Gin Lys Lys 
.180 185 . . 130 • 

Val Glu Phe Lys He Asp He Val Val Leu Ala Phe Gin Lys Ala Ser 
195 200 205 

Ser He Val Tyr Lys Lys Glu Gly Glu Gin Val Glu Phe Ser Phe Pro 

210 215 220 

Leu Ala Phe Thr Val Glu Lys Leu Thr Gly Ser Gly Glu Leu Trp Trp 
225 230 235 * 240 

Gin Ala Glu Arg Ala Ser Ser Ser Lys Ser Trp He Thr Phe Asp Leu 

245 250 255 

Lys Asn Lys Glu Val Ser Val Lys Trp Val Thr Gin Asp Pro Lys Leu 
• 260 265 ' 270 

Gin Met Gly Lys Lys Leu Pro Leu 3is Leu Thr Leu Pro Gin Ala Leu 
275 . 280 . 285 * 

Pro Gin ayr Ala Gly Ser Gly Asn Leu Thr Leu Ala Leu Glti Ala Lys 
290 295 300 

Thr Gly Lys Leu Hia Gin Glu Val Asn Leu Val Val Met Arg Ala Thr 
305 310 315 320 

Gin Leu Gin Lys Asn Leu Thr Cys Glu Val Trp Gly Pro Thr Ser Pro 
325 330 335 

Lyo Leu Met Leu Ser Leu Lys Leu Glu Asn Lys Glu Ala Lys Val Ser 
340 345 350 

Lys Arg Glu Lys Ala Val Trp Val Leu Asn Pro Glu Ala Gly Met Trp 
355 360 365 

Gin Cys Leu Leu Ser Asp Ser Gly Gin Val Leu Leu Glu Ser Asn He. 
370' 375 380 

Lye Val Leu Pro Thr Trp Ser Th^' Pro Val Gin Pro Met Ala Leu He 
385 390 395 400 

Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe He Gly Leu Gly He 
405 410 415 

Phe Phe Cys Val Arg Cys Arg His Arg Arg Arg Gin Ala Glu Arg Mfet 
420 425 430 

Ser Gin He Lys Arg Leu Leu Ser Glu Lys Lys Thr Cys Gin Cys Pro 
435 440 445 

His Arg Phe Gin Lys Thr Cys Ser Pro lie 
450 455 



<210> 4 
<211> 352 
<212> PRT 
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<213> Hoxao sapiens 

<400> 4 

Met Glu Gly lie Ser He Tyr Thr Ser Asp Asn Tyr Thr Glu Glu Met 
1 . « 5 10 15 . 

Gly Ser Gly Asp Tyr Asp Ser Met Lys Glu Pro Cys Phe Arg Glu Glu 
20 25 30 

Asn Ala Asn Phe Asn Lys He Phe Leu Pro Thr He Tyr Ser He He 
35 40 45 

Phe Leu Thr Gly He Val Gly Asn Gly Leu Val He Leii Val Met Gly 
50 55 60 

Tyr Gin Lys Lys Leu Arg Ser Met Thr Asp Lys Tyr Arg Leu His Leu 
65 70 75 • . . 80 

Ser Val Ala Asp Leu Leu Phe Val He Thr Leu Fro Phe Tip Ala Val 
85 90 95 

Asp Ala Val Ala Asn Trp Tyr Phe Gly Asn Phe Leu Cys Lys Ala Val 
100 - 105 110 

His Val He Tyr Thr Val Asn Leu Tyr Ser Ser Val Leu He Leu Ala 
115 120 125 

Phe He Ser Leu Asp Arg Tyr Leu Ala He Val His Ala Thr Asn Ser 
130 135 140 

Gin Arg Pro Arg Lys Leu 3;ieu Ala Glu Lys Val Val Tyr Val Gly Val 
145 150 155 160 

Trp He Pro Ala Leu Leu Leii Thr He Pro Asp Phe He Phe Ala Asn 

165 170 175 

Val Ser Glu Ala Asp Asp Arg Tyr He Cys Asp Arg Phe Tyr Pro Asn 
180 185 190 

Asp Leu Trp Val Val Val Ph6- Gin Phi^ SLtt His He Met Val Gly Leu 
195 200 205 

He Leu Pro Gly He Val He Leu Ser Gys Tyr Cys He 'He He Ser 
210 215 220 

Lys Leu Ser His Ser Lys Gly His Gin Lys Arg Lys Ala Leu Lys Thr 
225 230 235 240 

Thr Val He Leu He Leu Ala Phe Phe Ala Cys Trp Leu Pro Tyr Tyr 
245 250 255 

He Gly He Ser He Asp Ser Phe He Leu Leu Glu He He Lys Gin 
260 . 265 270 

Gly Cys Glu Phe Gltr Asn Thr Val His Lys Trp He Ser He Thr Glu 
275 280 285 • 

Ala Leu Ala Phe Phe His Cys Cys Leu Asn Pro lie Leu Tyr Alia-Phe 
290 295 300 

iieu Gly Ala Lys Phe Lys Thr Ser Ala Gin His Ala Leu Thr Ser Val 
305 310 315 320 

Ser Arg Gly Ser Ser Leu Lys He Leu Ser Lys Gly Lys Arg Gly Gly 
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325 330 335 

His Sar Ser Val Ser Thr Glu Ser Glu Ser Ser Ser Plie His Ser Ser 
340 345 350 



•<210> 5 

<211> 352 

<212> PRT 

<213> Homo sapiens 

<400> 5 

Met Asp Tyr 61n VaJ. Ser Ser Pro Thr Tyr Asp lie Asp Tyr Asp Thr 
1 5 10 15 

Ser Glu Pro Cys Gin Lys lie Asn Val Lys Gin lie* Ala Ala Arg Leu 
20 25 -30 

Leu Pro Pro Leu Tyr Ser Leu Val Phe lie Phe Gly Phe Val Gly Asn 
35 40 45 

Met Leu Val lie Leu Val Leu lie Asn Cys Lys Arg Leu Lys Ser Ket 
50 55 60 

Thr Asp He Tyr Leu Leu Asn Leu Ala He Ser Asp Leu Phe Phe Leu 
65 70 75 80 

Leu Thr Val Pro Phe Trp Ala His Tyr Ala Ala Ala Gin Trp Asp Phe 
85 90 95 

Gly Asn Thr Met Cys Gin Leu Leu Thr Gly Leu Tyr Phe He Gly Phe 

100 105 110 

Phe Ser Gly He Phe Phe He He Leu Leu Thr He Asp Arg Tyr Leu 
115 120 125 

Ala He Val His Ala Val Phe Ala Leu Lys Ala Arg Thr Val Ifhx Phe 
130 135 140 

Gly Val Val Thr Ser Val He Thr Tip Val Val Ala Val Phe Ala Ser 
145 150 155 160 

Leu Pro Gly He He Phe Thr Arg Ser Gin Lys Glu Gly Leu His Tyr 
165 170 175 

Thr Cys Ser Ser His Phe Pro Tyr Ser Gin Tyr Gin Phe Trp Lys Asn 
180 185 190 

Phe Gin Thr Leu Lys He Val He Leu Gly Leu. Val* Leu Pro Leu Leu 
195 200 205 

Val Met Val He Cys Tyr Ser Gly "He Leu Lys Thr Leu Lea Arg Cys 
210 215 2.20 

Ar^ Asn Glu Lyd Lys Arg His Arg Ala Val Arg Leu. He Phe' Thr He 
225 230 • • 235 240 

Met He Val Tyr Phe Leu Phe Trp Ala Pro Tyr Asn He Val Leu Leu- 
245 250 255 

Leu Asn Thr Phe Gin Glu Phe Phe Gly Leu Asn Asn Cys Ser Ser Ser 
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260 265 270 

Asn Arg Leu Asp Gin Ala Met Gin Val Thr Glu Thr Leu Gly Met Thr 
275 2B0 285 

His Qys Cya He Asu Pro He He 'Tyr Ala Phe Val Gly Glu Lys Plie 
290 295 300 

Arg Asn Tyr Leu Leu Val Phe Phe Gin Lys His lie Ala Lys His Phe 
305 310 315 320 

Cys Lys Cys Cys Ser He Phe Gin Gin Glu Ala Pro Glu Arg Ala Ser 

325 330 335 

Ser Val Tyr Thr Arg Ser Thr Gly Glu Gin Glu He Ser Val Gly Leu 
340 345 350 



<210> 6 
<211> 726 
<212> PRT 

<213> Homo sapiens 
<400> 6 

Met Glu Gly Glu Arg Lys Asn Asn Asn Lys Arg Trp Tyr Phe Thr Arg 
1 5 10 • 15 

Glu Gin Leu Glu Asn Ser Pro Ser Arg Arg Phe Gly Val Asp Pro Asp 
20 ..25 30 

Lys Glu Leu Ser Tyr Arg Gin Gin Ala Ala Asn Leu Leu Gin Asp Met 
35 40 45 

Gly Gin Arg Leu Asn Val Ser Gin Leu Thr He Asn Thr Ala He Val 
50 55 60 



Tyi* Met His Arg Phe Tyr Met Xlie Glu Ser Phe Thr Gin Phe Pro Gly 
65 70 75 , 80 

Asn Ser Val Ala Pro! Ala Ala Leu Phe Leu Ala Ala Lys Val Glu Glu 
85 90 95 

Gin Pro Lys Lys Leu Glu His Val He Lys Val Ala His Thr Cys Leu 
100 105 .110 

His Pro Gin Glu Ser Leu Pro Asp Thr Arg Ser Glu Ala Tyr Leu Gin 
115 120 125 

Gin Val Gin Asp Leu Val He Leu Glu Ser He lie Leu Glri Thr Leu 
130 135 140 

Gly Phe Glu Leu Thr He Asp His Pro His Thr His Val Val Lys Cys 
145 . 150 . .155 160 

Thr Gin Leu Val Arg Ala Ser Lys ASp Leu Ala Gin Thr Ser Tyr Phe 
165 170 . . 175 

Met Ala Thr Asn Ser Leu His Leu Thr Thr Phe Ser Leu Gin Tyr Thr 
180 185 • 190 c 

Pro Pro Val Val Ala Cys Val Cys He His Leu Ala Cys Lys Trp Ser 
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195 200 205 

Asn Trp Glu lie Pro Val Ser Thr Asp Gly -Lys His Trp Trp Glu Tyr 
210 215 220 

Val Asp Ala Thr Val Thr Leu Glu Leu Leu Asp Glu Leu Thr His Glu 

225 ... 230 235 240 

Phe Leu Gin lie Leu Glu Lys Tlir Pro Asn Arg Leu Lys Arg lie Trp 
■ 245 250 255 

Asn Trp Arg Ala Cys Glu Ala Ala Lys Lys Thr Lys Ala Asp Asp Arg 

260 * 265 270 

Gly Thr Asp Glu Lys Thr Ser Glu Gin Thr lie Leu Asn Met He Ser 
275 280 285 

Gin Ser Ser Ser Asp Thr Thr He Ala Gly Leu Met Ser ket Ser Thr 
290 295 300 

Ser Thr Thr Ser Ala Val Pro Ser Leu Pro Val Ser Glu Glu Ser Ser 
305 310 315 320 

Ser Asn Leu Thr Ser Val Glu Met Leu Pro Gly Lys Arg Trp Leu Ser 
325 330 335 

Ser Gin Pro Ser Phe Lys Leu Glu Pro Thr Gin Gly His Arg Thr Ser 
340 345 350 

Glu Asn Leu Ala Leu Thr Gly Val Asp His Ser Leu Pro Gin Asp Gly 
355 360 365 

Ser Asn Ala Phe Xle Ser Gin Lys 6ln Asn Ser Lys Ser Val Pro Ser 
370 375 380 

Ala Lys val Ser Leu Lys Glu Tyr Arg Ala Lys His Ala Glu Glu Leu 
385 390 395 400 

Ala Ala Gin Lys Arg Gin Leu Glu Asn Met Glu Ala Asn Val Lys Ser 
405 410 415 

Gin Tyr Ala Tyr Ala Ala Gin Asn Leu Leu Ser His His Asp Ser His 
420 .425 430 

Ser Ser Val He Leu Lys Met Pro He Glu Gly Ser Glu Asn Pro Glu 
435 440 445 

Arg Pro Phe Leu Glu Lys Ala Asp Lys Thr Ala Leu Lys Met Arg He 
450 455 460 

Pro Val Ala Gly Gly Asp Lys Ala Ala Ser Ser Lys Pro Glu Glu He 
465 470 475 . 480 

Lys Met Arg He Lys Val His Ala Ala Ala Asp Lys His Asn Ser Val 
485 490 495 

Glu Asp Ser Val Thr Lys Ser Arg Glu His Lys Glu Lys His Lys Tbr 
500 505 510 

His Pro Ser Asn His His His His His Asn His His Ser His Lys His 
515' 520 525 

Ser His Ser Gin Leu Pro Val Gly Thr Gly Asn Lys Arg Pro Gly Asp 
530 535 , 540 



BN&DOCID: ^Q164752AaJL> 



wo 01/64752 PCTAJSOl/06322 



Pro Lys His Ser Ser Gin Thr Ser Asri Leu Ala His Lys Thr Tyr Ser 

550 555 560 

Leu Ser Ser Ser Phe Ser Ser Ser Ser Ser Ifhr Arg Lys Arg Gly Pro 
565 570 . 575 

Ser Glu Glu Thr Gly Gly Ala Val Phe Asp His Pro Ala Lys lie Ala 
580 585 590 

Lys Ser Thr Lys Ser Ser Ser Leu Asn Phe Ser Phe Pro Ser Leu Pro 
595 600 605 

Thr Met Gly Gin Met Pro Gly His Ser Ser Asp Thr Ser Gly Leu Ser 
610 615 62*0 

Phe Ser Gin Pro Ser Qys Lys Thr Arg Val Pro His Ser Lys Leu Asp 
^25 630 635 / 640 

tiys Gly Pro Thr Gly Ala Asn Gly His Asn Thr Thr Gin Thr lie Asp 
645 650 655 

Tyr Gin Asp Thr Val Asn Met Leu His Ser Leu Leu Ser Ala Gin Gly 
•660 . 665 670 

Val Gin Pro Thr Gin Pro Thr Ala Phe Glu Phe Val Arg Pro Tyr Ser 
675 680 685 

Asp Tyr Leu Asn Pro Arg Ser Gly Gly He Ser Ser Arg Ser Gly Asn 
690 695 700 

Asp Lys Pro Arg Pro Pro Pro Leu Pro Ser Glu Pro Pro Pro Pro 
705 710 715 720 

Leu Pro Pro Leu Pro Lys 
725 

<210> 7 

<211> 1742 ' 

<212> DNA 

<213> Homo sapiens 

<400> 7 

caagcccaga gccctgccat ttctgtgggc tcaggtccct actgctcagc cccttcctcc 60 
ctcggcaagg ccacaatgaa ccggggagtc ccttttaggc acttgcttct ggtgctgcaa 120 
ctggcgctcc tcccagcagc cactcaggga aagaaagtgg tgctgggcaa aaaaggggat' 180 
acagtggaac tgacctgtac agcttcccag aagaagagca tacaattcca ctggaaaaac 240 
tccaaccaga taaagattct gggaaatcag ggctccttct taactaaagg tccatccaag 300 
ctgaatgatc gcgctgactc aagaagaagc ctttgggacc aaggaaactt ccccctgatc 360 
atcaagaatc ttaagataga agactcagat acttacatct . gtgaagtgga ggaccagaag 420 
gaggaggtgc aattgdtagt gttcggattg actgccaact ctgacaccca cctgcttcag 480 
gggcagagcc tgaccctgac ctttrgagagc ccccctggta gtagcccctc agtgcaatgt 540 
aggagtccaa ggggtaaaaa catacagggg gggaagaccc tctccgtgtc tcagctggag 600 
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ctccaggata gtggcacctg 


craratcrcacfc crtcttcrcaCTa 


accagaagaa 


acrt ooacrtt c 

5*9 *'3»9'-*9 Wfc.^* 


660 


aaaatagaca. tcgtggtgct. 


acTGhttccacr aaaoccticca 


gcafcagtcta 


taagaaagag 


720 


ggggaacagg 


tggagttctc 


cttcccactc gcctttacag 


ttgaaaagct 


gacgggcagt 


780 


ggcgagctgt 


ggtggcaggc 


o'cao'acTcra'c t tcc^cc ticca 


agtcttggat 


cacctttgac 


840 


ctgaagaaca aggaagtgtc 


'tgtaaaa'tgg gbbacccagg 


accctaagct 


ccagatgggc 


900 


aagaagctcc 


cgctccacct 


caccctgccc caggcctit.gc 


ctcagtatgc 


tggctctgga 

^99^"99 


960 


aacctcaccc 


tggcccttga 


agcgaaaaca ggaaagttgc 


atcaggaagt 


gaacctggtg 


1020 


gtgatgagag ccactcagct 


ccagaaaaat ttgacctgtg 




acccacctcc 


1080 


cctaagctga 


tgctgagctt 


aaaactacao aacaacrcraQor 


caaaggtctc 


gaagcgggag 

S9 ****9 ^ S3 S3 9 


1140 


aaggcggtgt 


gggtgctgaa 


ccctaaQQCci cr^oratcrtQ'QC 


agtgtctgct 


craatgactcg 


1200 


ggacaggtcc 


.tgctggaatc 


'.•♦i.,. /i-; >■>.' 

caacatcaacr oiLfcctciccca 


catggtccac 


cccTOtgcag 


1260 


ccaatggccc .tgattgtgct 


nananaca)ic accoacct.cc 


tgcttl^ticat. 


tgagctaggc 

a y 59 ^ 5^ 


1320 


atcttcttct 


gtgtcaggtg 


r'frraT'affcrra ao'Crcor'caacf 


cacacrccrcra't 


GrtctcaQatc 


1380 


aagagactcc 


tcagtgagaa 


gaagaccugc co-yugcwcu^ 






1^40 


agccccattt 


gaggcacgag 


gccaggcaga tcccacttgc 


agcctcccca 


ggtgtctgcc 


1500 


ccgcgtttcc 


tgcctgcgga 


ccagatgaat gtagcagatc 


qcacgctctg 


gcctcctgtt 


1560 


cgtcctccct 


acaatttgcc 


attgtttctc ctgggttagg 


ccccggcttc 


actggttgag 


1620 


tgttgctctc 


tagtttccag 


aggcttaatc acaccgtzcct 


ccacgccatiti 


tccttlitcct 


1680 


tcaagcctag 


cccttctctc 


attatttctc tctgaccctc 


tccccactgc 


tcatttggat 


1740 


cc 










17.42 


<210> 8 
<211> 1059 
<212> DNA 
<213> Homo 


sapiens 










<400> 8 
atggattatc 


aagtgtcaag 


c>i«>^cLCLv»W' ^rCi u y Q<».&i..Vp«y oi-i- 


ataatacatc 


aaagccctgc 


60 


caaaaaatca 


atgtgaagca 


n^tT'crr'aa'r'C ccrcctectcfc 


ctccacbcta 


ctcactggtg 


120 


ttcatctttg 


gttttgtggg 


r-j^ ar»at*Of^t"cr crtcatcctCQ 
k<«CLCLv«ci ^y ^ v«y y wwc*1bwv^ w^^y 


'tcctcratia.a.a 


ctgcaaaagg 


180 


ctgaagagca 


tgactgacat 


ctacctgctc aacctggcca 


tctctgacct 


gtttttcctt 


240 


cttactgtcc 


ccttctgggc 


tcactacgct gctgcccagt 


gggactttgg 


aaatacaatg 


300 


tgtcaactct 


tgacagggct 


ctattttata ggcttcttct 


ctggaatctt 


cttcatcatc 


360 


ctcctgacaa 


tcgatagata 


cctagctatc gtccatgctg 


tgtttgcttt 


aaaagccagg 


420 


acggtcacct 


ttggggtagt 


gacaagtgtg atcacttggg 


tggtggctgt 


gtttgcatct 


480 


ctcccaggaa 


tcatctttac 


cagatctcaa asiagaaggtc 


ttcattacac 


ctgcagctct 


540 
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cattttccat acagtcagta tcaattctgg aagaatttcc agacattaaa gatagtcatc 600 
ttggggctgg tcctgccgct gcttgtcatg gtcatctgct actcgggaat cctaaaaact 660 
ctgcttcggt gtcgaaacga gaagaagagg cacagggctg tgaggcttat cttcaccatc 720 
atgattgttt attttctctt ctgggctccc tacaacattg tccttctcct gaacaccttc 780 
caggaattct ttggcctgaa taattgcagt agctcfcaaca ggttggacca agccatgcag 840 
gtgacagaga ctcttgggat gacgcactgc tgcatcaacc ccatcatcta tgcctttgtt 90O 
ggggagaagt tcagaaacta cctcttagtc ttcttccaaa agcatattgc caaacacttc 960 
tgcaaatgct gttctatttt ccagcaagag gctcccgagc gagcaagctc agtttacact 1020 
cgatccactg gggagcagga aatatcggtg ggcttgtga 1059 

<210> 9 

<211> 342 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Met Ala Glu His Asp Tyr His Glu Asp Tyr Gly Phe Ser Ser Phe Asn 
15 10 15 

Asp Ser Ser Gin Glu Glu His Gin Asp Phe lieu Gin Phe Ser Lys Val 
20 2S 30 

Phe Leu Pro Cys Met ^r Leu Val Val Phe Val Cys Gly Leu Val Gly 
35 40 45 

Asn Ser Leu Val Leu Val lie Ser lie Phe OPyr His Lys Leu Gin Ser 
50 55 60 ' 

Leu Thr Asp. Val Phe Leu Val Asn Leu Fro Leu Ala Asp Leu Val Phe 
6S 70 75 ' '80 

yal Cys Thr Leu Pro Phe Trp Ala Tyr Ala Gly He His Glu Trp Val 
85 90 95 

Phe Gly Gin Val Met Cys Lys Ser Leii Leu Gly He Tyr Thr He Asn 
100 105 110 

Phe Tyr Thr Ser Met Leu He Leu Thr Cys He Thr Val Asp Arg Phe 
115 120 125 

He Val Val Val Lys Ala Thr Lys Ala Tyr Asn Gin Gin Ala Lys Arg 
130 135 140 

Met Thr Trp Gly Lys Val Thr Ser Leu Leu He Trp Val He Ser Leu 
145 150 155 160 

Leu Val Ser Leu Pro Gin He He Tyr Gly Asn Val 3?he Asn Leu Asp 
:165 . , 170 . ■ 175 • 

Lys Leu He Cys Gly Tyr His Asp Glu Ala He Ser Thr Val Val Leu 
180 185 190 

Ala Thr Gin Met Thr Leu Gly Phe Phe Leu Pro Leu Leu Thr Met He 
195 200 205 
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Val Cys Tyr Ser Val He He Lys Thr Leu Leu His Ala Gly Gly Phe 

. . 210 215 . . . - ■ . - 2,20. 

Gin Lys His Arg Ser Leu Lys He He Phe Leu Val Met Ala Val Phe 
225 230 235 240 

Leu Leu Thr Gin Met Pro phe Asn Leu Met Lys Phe He Arg Ser Thr 
245 250 255 

His Trp Glu Tyr Tyr Ala Met Thr Ser Phe His Tyr Thr He Met Val 
260 265 270 

Thr Glu Ala He Ala O^yr Leu Arg Ala Cys Leu Asn Pro Val Leu Tyr 
275 280 285 

Ala Phe Val Ser Leu Lys Phe Arg Lys Asn Phe Tzp Lys Leu Val Lys 
290 295 300 

Asp He Gly Cys Leu Pro Tyr Leu Gly Val Ser His Gin Trp Lys Ser 
305 310 .315 320 

Sdr Glu Asp Asn Ser Lys Thr Phe Ser Ala Ser His Asn Val Glu Ala 
325 330 335 

Thr Ser Met Phe Gin Leu 
340 



<210> 10 
<211> 360 
<212> PRT 

<213> Homo sapiens 

<400> 10 ' , ^ 

Met Asp Pro Glu Glu Thr Ser Val Tyr Leu Asp Tyr Tyr Tyr Ala Thr 
1 5 , 10 15 . 

Ser Pro Asn Ser Asp He Arg Glu Thr His Ser His Val. Pro Tyr 
20 25 30 

Ser Val Phe Leu Pro Val Phe Tyr Thr Ala Val Phe Leu Thr Gly Val 
35 40 45 

Leu Gly Asn Leu Val Leu Met Gly Ala Leu His' Phe Lys Pro Gly Ser 
50 55 60 

Arg Arg Leu He Asp He Phe He He Asn Leu Ala Ala Ser Asp Phe 
65 70 75 80 

He Phe Leu Val Thr Leu Pro Leu Trp Val Asp Lys Glu Ala Ser Leu. 
85 90 

Gly Leu Trp Arg Thr Gly Ser Phe Leu Cys Lys Gly Ser Ser Tyr Met 
100 105 . 110 

He Ser Val Asn Met His Cys Ser Val Leu Leu .Leu 'Thr Cys Met Ser 
.115 * 120 125 

Val Asp Arg Tyr Leu Ala He Val Trp Pro Val Val Ser Arg Lys Phe 
130 * 135 140 

Arg Arg 'Thr Asp Cys Ala Tyr Val Val Cys Ala Ser He Trp Phe He 
145 150 • 155 160 
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Ser Cys Leu Leu Gly Leu Pro Thr Leu Leu Ser Arg Glu Leu Thr Leu 
165 170 175 

He Asp Asp Lys Pro Tyr Cys Ala Glu Lys Lys Ala Thr Pro He Lys 
180 185 190 

Leu lie Trp Ser Leu Val Ala Leu lie Phe Thr Phe Phe Val Pro Leu 
195 200 205 

Leu Ser lie Val Thr Cys Tyr Cys Cys He Ala Arg Lys Leu Cys Ala 
210 215 220 

His Tyr Gin Gin Ser Gly Lys His Asn Lys Lys Leu Lys Lys Ser lie 
225 230 235 240 

Lys He He Phe He Val Val Ala Ala Phe Leu Val Ser Trp Leu Pro 
245 250 * 255 

Phe Asn Thr Phe Lys Phe Leu Ala He Val Ser . Gly Leu Arg Gin Glu 
260 265 270 

His Tyr Leu Pro Ser Ala He Leu Gin Leu Gly Met Glu Val Ser Gly 
275 280 285 

Pro Leu Ala Phe Ala Asn Ser Cys Val Asn Pro Phe He Tyr Tyr He 
290 295 300 

Phe Asp Ser Tyr He Arg Arg Ala He Val His Cys Leu Cys Pro Cys 
305 310 315 320 

Leu Lys Asn Tyr Asp Phe Gly Ser Ser Thr Glu Thr Ser Asp Ser His 
325 330 335 

Leu Thr Lys Ala Leu Ser Thr Phe He His Ala Glu Asp Phe Ala Arg 
340 345 350 

Arg Arg Lys Arg Ser Val Ser Leu 

355 360 . 

<210> 11 
.<211> 20 
<212> DNA 

<213> Artificial Sequence * 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 11 

agagtggggt gacatgagtg 20 

<210> 12 
<211> 20 
<212> DNA 

<213> Artificial Sequence . . 
<220> 

<223> Descripticjn of Artificial Sequence: Primer 
<400> 12 

gaagttctgc tacgcaggag 20 
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<210> 13 • 
<211>.34 ■ . 
<212> D3SIA * 

<213> Artificial Sequence 

<220> ....... 

<223> Description of Artificial Sequence: Primer 

<400> 13 ■ 

gagttctgga cactggggga gagtggggtg acat 34 

<210> 14 

<211> 1679 

<212> DNA 

<213> Homo sapiens 

<400> 14 

gtttgttggc tgcggcagca ggtagcaaag tgacgccgag ggcctgagtg ctccagtagc 60 
caccgcatct ggagaaccag cggttaccat ggaggggatc agtatataca cttcagataa 120 
ctacaccgag gaaatgggct caggggacta tgactccatg aaggaaccct gtttccgtga 180 
agaaaatgct aatttcaata aaiatcttcct gcccaccatc tactccatca tcttcttaac 240 
tggcattgtg ggcaatggat tggtcatcct ggtcatgggt taccagaaga aactgagaag 300 
catgacggac aagtacaggc tgcacctgtc agtggccgac ctcctctttg tcatcacgct 360 
tcccttctgg gcagttgatg ccgtggcaaa ctggtacttt gggaacttcc tatgcaaggc 420 
agtccatgtc atctacacag tcaacctcta cagcagtgtc ctcatcctgg ccttcatcag 480 
tctggaccgc tacctggcca tcgtccacgc caccaacagt cagaggccaa ggaagctgtt 540 
ggctgaaaag gtggtctatg ttggcgtctg gatccctgcc ctcctgctga ctattcccga 600 
cttcatcttt gccaacgtca gtgaggcaga tgacagatat atctgtgacc gcttctaccc 660 
caatgacttg tgggtggttg tgttccagtt tcagcacatc atggttggcc ttatcctgcc 720 
tggtattgtc atcctgtcct gctattgcat tatcatctcc aagctgtcac actccaaggg 780 
ccaccagaag cgcaaggccc tcaagaccac agtcatcctc atcctggctt tcttcgcctg 840 
ttggctgcct tactacattg ggatcagcat cgactccttc atcctcctgg aaatcatcaa 900 
gcaagggtgt gagtttgaga acactgtgca caagtggatt tccatcaccg aggccctagc 960 
tttcttccac tgttgtctga accccatcct ctatgctttc cttggagcca aatttaaaac 1020 
ctctgcccag cacgcactca cctctgtgag cagagggtcc agcctcaaga tcctctccaa 1080 
aggaaagcga ggtggacatt catctgtttc cactgagtct gagtcttcaa gttttcactc 1140 
cagctaacac agatgtaaaa gacttttttt tatacgataa ataacttttt tttaagttac 1200 
acatttttca gatataaaag actgaccaat attgtacagt ttttattgct tgttggattt 1260 
ttgtcttgtg tttctttagt ttttgtgaag tttaattgac ttatttatat aaattttttt 1320 
tgtttcatat tgatgtgtgt ctaggcagga cctgtggcca agttcttagt tgctgtatgt 1380 
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ctcgtggtag gactgtagaa aagggaactg aacattccag agcgtgtagt gaatcacgta 1440 
aagctagaaa tgatccccag ctgtttatgc atagataatc tctccattcc cgtggaacgt 1500 
ttttcctgtt cttaagacgt gattttgctg tagaagatgg cacttataac caaagcccaa. 1560 
agtggtatag aaatgctggt ttttcagttt tcaggagtgg gttgatttca gcacctacag 1620 
tgtacagtct tgtattaagt tgttaataaa agtacatgtt aaacttactt agtgttatg 1679 

<210> 15 

<211> 2181 

<212> DNA 

<213> Homo sapiens 

<400> 15 

atggagggag agaggaagaa caacaacaaa cggtggtatt tcactcgaga acagctggaa 60 
aatagcccat cccgtcgttt tggcgtggac ccagataaag aactttctta tcgccagcag 120 
gcggccaatc tgcttcagga catggggcag cgtcttaacg tctcacaatt gactatcaac 180 
actgctatag tatacatgca tcgattctac atgattcagt ccttcacaca gttccctgga 240 
aattctgtgg ctccagcagc cttgtttcta gcagctaaag tggaggagca gcccaaaaaa 300 
ttggaacatg tcatcaaggt ' agcacatact tgtctccatc ctcaggaatc ccttcctgat 360 
actagaagtg aggcttattt gcaacaagtt caagatctgg tcattttaga aagcataatt 420 
ttgcagactt taggctttga actaacaatt gatcacccac atactcatgt agtaaagtgc 480 
actcaacttg ttcgagcaag caaggactta gcacagactt cttacttcat ggcaaccaac 540 
agcctgcatt tgaccacatt tagcctgcag tacacacctc ctgtggtggc ctgtgfcctgc 600 
attcacGfegg cttgcaagtg gtccaattgg gagatcccag tctcaactga cgggaagcac 660 
tggtgggagt atgttgacgc cactgtgacc ttggaacttt tagatgaact gacacatgag 720 
tttctacaga ttttggagaa aactcccaac aggctcaaac gcatttggaa ttggagggca 780 
tgcgaggctg ccaagaaaac aaaagcagat gaccgaggaa cagatgaaaa gacttcagag 840 
cagacaatcc tcaatatgat ttcccagagc tcttcagaca caaccattgc aggtttaatg 900 
agcatgtcaa cttctaccac aagtgcagtg ccttccctgc cagtctccga agagtcatcc 960 
agcaacttaa ccagtgtgga gatgttgccg ggcaagcgtt ggctgtcctc ccaaccttct 1020 
ttcaaactag aacctactca gggtcatcgg actagtgaga atttagcact tacaggagtt 1080 
gatcattcct taccacagga tggttcaaat gcatttattt cGcagaagca gaatagtaag 1140 
agtgtgccat cagctaaagt gt^cactgaaa gaataccgcg cgaagcatgc agaagaattg 1200 
gctgcccaga agaggcaact ggagaacatg gaagccciatg tgaagtcaca atatgcatat 1260 
gctgcccaga atctccbttc tcatcatgat agccattctt cagtciafctct aaaaatgccc 1320 
atagagggtt cagaaaaccc cgagcggcct tttctggaaa aggctgacaa aacagctctc 1380 
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aaaatgagaa tcccagtggc aggtggagat aaagctgcgt cttcaaaacc agaggagata 1440 
-aaaatgcgca taaaagtcca 4:gctgeagct gataagcaca. attctgtaga .ggacagtgtt 1500 
acaaagagcc gagagcacaa agaaaagcac aagactcacc catctaatca tcatcatcat 1560 
cataatcacc actcacacaa gcactctcat tcccaacttc cagttggtac tgggaacaaa 1620 
cgtcctggtg atccaaaaca tagtagccag acaagcaact tagcacataa aacctatagc 1680 
ttgtctagtt ctttttcctc ttccagttct actcgtaaaa ggggaccctc tgaagagact 1740 
ggaggggctg tgtttgatca tccagccaag attgccaaga gtactaaatc ctcttcccta 1800 
aatttctcct tcccttcact tcctacaatg ggtcagatgc ctgggcatag ctcagacaca 1860 
agtggccttt ccttttcaca gcccagctgt aaaactcgtg tccctcattc gaaactggat 1920 
aaagggccca ctggggccaa tggtcacaac acgacccaga caatagacta tcaagacact 1980 
gtgaatatgc ttcactccct gctcagtgcc cagggtgttc agcccactca gcctactgca 2040 
tttgaatttg ttcgtdctta tagtgactat ctgaatcctc ggtctggtgg aatctcctcg 2100 
agatctggca atacagacaa accccggcca ccacctctgc catcaga^cc tcctpcacca 2160 
cttccacccc ttcctaagta a 2181 

<210> 16 
<211> 1643 
<212> 

<213> Homo sapiens 

<220> 

<221> CDS 

<222> (25) . . (915) 

<400> 16 

aacatctggg gacagcggga aaac atg agt gac tec aag gaa cca agg gtg 51 

Met Ser Asp Ser Lys Glu Pro Arg Val 
1 5 

cag cag ctg ggc etc ctg ggg tgt ctt ggc cat ggc gcc ctg gtg ctg ' 99 
Gin Gin Leu Gly Leu Leu Gly Cys Leu Gly His Gly Ala Leu Val Leu 
10 15 20 25 

caa etc etc tec ttc atg etc ttg get ggg gtc ctg gtg gcc ate ctt • 147 
Gin teu Leu Ser Phe Met Leu Leu Ala Gly Val Leu Val Ala lie Leu 
30 35 40 

gtc caa gtg tec aag gtc cec age tec eta agt cag gaa caa tec gag 195 
Val Gin Val Ser Lys Val Pro Ser Ser Leu Ser Gin Glu Gin Ser Glu 
45 . 50 , 55 

caa gac gca ate tac cag aac ctg ace cag ctt aaa get gca gtg ggt 243 
Gin Asp Ala He Tyr Gin Asn Leu Thr Gin Leu Lys Ala Ala Val Gly 
60 ■ 65 70 

gag etc tea gag aaa tec aag ctg cag gag ate tac cag gag ctg ace 291 
Glu Leu Ser Glu Lys Ser Lys Leu Gin Glu He Tyr Gin Glu Leu Thr 
75 80 85 

cag ctg aag get gca gtg ggt gag ttg cca gag aaa tec aag ctg cag 339 



17 



BNSDOCID: <WW__0t647S2AaLL> 



wo 01/64752 



PCTAJSOl/06322 



Gin Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys' Leu Gin 
90 95 . 100 105 

gag ate tac cag gag ctg acc egg ctg aag get gca gtg ggt gag ttg 387 
Glu lie Tyr Gin Glu Leu Thr Arg Leu Lys Ala Ala Val Gly Glu Leu 
110 • 115 120 

cca gag aaa tec aag ctg cag gag ate tac cag gag ctg ace egg ctg 435 
Pro Glu Lys Ser Lys Leu Gin Glu He Tyr Gin Glu Leu Thr Arg Leu 
125 130 135 

aag get gca gtg ggt gag ttg cca gag aaa tee aag ctg cag gag ate 483 
Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu He 
140 145 150 

tac cag gag ctg ace egg ctg aag get gca gtg ggt gag ttg cca gag 531 
Tyr Gin Glu Leu Hhr Arg Leu Lys Ala Ala Val Gly Glu Leu Pro Glu 
155 160 165 

aaa tec aag ctg cag gag ate tac cag gag ctg acg gag ctg aag get 579 
Lys Ser Lys Leu Gin Glu He Tyr Gin Glu Leu Thr Glu Leu Lys Ala 
170 175 180 185 

gca gtg ggt gag ttg cca gag aaa tec aag ctg cag gag ate tac cag 627 
Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu He Tyr Gin 
190 195 200 

gag ctg acc cag ctg aag get gca gtg ggt gag ttg cca gae cag tec 675 
Glu Leu Thr Gin Leu Lys Ala Ala Val Gly Glu Leu Pro Asp Gin Ser 
205 210 215 

aag cag cag caa ate tat eaa gaa ctg acc gat ttg aag act gca ttt 723 
Lys Gin Gin Gin He 1^ Gin Glu Leu Thr Asp Leu Lys Thr Ala Phe 
220 225 230 

gaa cge ctg tge cgc eac tgt cec aag gae tgg aca ttc ttc caa gga 771 
Glu Arg Leu Cys Arg His Cys Pro Lys Asp Trp Thr Phe Phe Gin Gly 
235 240 245 

aac tgt tac ^tc ^tg tefe.aac tee cag egg aac tgg cac gae tec gte 819 
Asn Cys Tyr Phe Met Ser Asn Ser Gin Arg Asn Trp His Asp Ser Val 
250 255 260 265 

acc gcG tgc cag gaa gtg agg gcc cag etc gte gta ate aaa act get 867 
Tfhr Ala Cys Gin Glu Val Arg Ala Gin Leu Val Val lie Lys Thr Ala 
270 275 280 

gag gag cag ctt cca gcg gta ctg gaa cag tgg aga acc eaa caa tag 915 
Glu Glu Glii Leu Pro Ala Val Leu Glu Gin Trp Arg Thr Gin Gin 
285 290 295 

cgggaatgaa gactgtgcgg aatttagtgg cagtggctgg aacgacaatc gatgtgacgt 975 

tgacaattac tggatctgca aaaagcccgc agcctgcttc agagacgaat agttgtttcq 1035 

etgetagcet cagcetccat tgtggtatag . cagaacttca cccaettgta agccagcgct 1095 

tcttctctec atccttggac cttcacaaat gccctgagac ggttctctgt tegatttttc 1155 

atcccctatg aacctgggtc ttatjtctgtc ettctgatgc ctccaagttt ecctggtgta 1215 

gagcttgtgt tcttggccca teettggagc tttataagtg acctgagtgg gatgeattta 1275 

gggggcgggc ttggtatgtt gtatgaatcc aetetctgtt ecttttggag attagactat 1335 
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ttggattcat gtgtagctgc cctgtcccct ggggctttat ctdatccatg caaactacca 1395 
tctgctcaac ttccagctac accccgtgca cccttttgac tggggacttg ctggttgaag 1455 
gagctcatct tgcaggctgg aagcaccagg gaattaattc ccccagtcaa ccaatggcat 1515 
ccagagaggg catggaggct ccatacaacc tcttccaccc ccacatcttt ctttgtccta 1575 
tacatgtctt ccatttggct gtttctgagt tgtagccttt ataataaagt ggtaaafcgtt 1635 
gtaactgc 1643 

<210> 17 
<211> 296 
<212> PRT 

<213> Hozno sapiens 
<400> 17 

Met Ser Asp Ser hya Glu Pro Arg Val Gin Gin Leu Gly Leu Leu Gly 
1 5 10 . 15 . . 

Cys Leu Gly His Gly Ala Leu Val Leu Gin Leu Leu Ser Phe Met Leu 
20 25 30 

Leu Ala Gly Val Leu Val Ala lie Leu Val Gin Val Ser Lys Val Pro 
35 40 45 

Ser Ser Leu Ser Gin Glu Gin Ser Glu Gin Asp Ala lie Tyr Gin Asn 

50 55 . 60 - 

Leu Thr Gin Leu Lys Ala Ala Val Gly Glu Leu Ser Glu Lys Ser Lyp 
65 70 75 80 

Leu Gin Glu lie Tyr Gin Glu Leu Thr Gin Leu Lys Ala Ala Val Gly 

85 90 95 

1 

Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu lie Tyr Gin Glu Leu Thr 
100 105 110 

Arg Leu Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin 
115 120 125 

Glu lie Tyr Gin Glu Leu Thr Arg Leu Lys Ala Ala Val Gly Glu Leu 
130 135 140 

Pro Glu Lys Ser Lys Leu Gin Glu lie Tyr Gin Glu Leu Thr Arg Leu 
145 150 155 160 

Lys Ala Ala Val Gly Glu Leu Pro Glu Lys Ser Lys Leu Gin Glu He 
165 170 175 

Tyr Gin Glu Leu Thr Glu Leu Lys Ala Ala Val Gly Glu Leu Pro Glu 
180 185 190 

Lys Ser Lys Leu Gin Glu He Tyr Gin .Glu Leu Thr Gin Leu Lys Ala 
195 200 205 

Ala Val Gly Glu Leu Pro Asp Gin Ser Lys Gin Gin Gin He Tyr Gin 
210 215 220 

Glu Leu Thr Asp Leu Lys Thr Ala Phe Glu Arg Leu Cys Arg His Cys 
225 230 235 240 
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Pro r*ys Asp Trp Thr Phe Phe Gin Gly Asn Cys Tyr Phe Met Ser Asn 
245 250 255 

Ser Gin Arg Asn Trp His Asp Set Val Thr Ala Cys Gin Glu Val Arg 
260 265" 270 . 

Ala Gin Leu Val Val He Lys Thr Ala Glu Glu Gin Leu Pro Ala Val 
275 280 285 

Leu Glu Gin Trp Arg Thr Gin Gin 
290 295 . 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



Continuation of Box 1.2 

Claims Nos.: 28 and 40 (both completely). 26, 35 and 46 (all partially) 

Present claims 26 and 35 each relate to a compound defined by reference 
to a desirable characteristic or property, namely the capability to 
interfere with trans-enhancement of HIV into a cell. Present claim 46 
relates to a compound defined by reference to a desirable characteristic 
or property, namely the capability to interfere with HIV entry into a 
cell that expresses DC-SIGN. 

The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 POT for only a very 
limited number of such compounds. In the present case, the claims so lacK 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the compound by reference to a result to be 
achieved. Again, this lack of clarity In the present case Is such as to 
render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those 
claims which appear to be clear, supported and disclosed namely 
antibodies against DC-SIGN, antibodies against CD4 and the CCR5 
chemokines RANTES. HIP-lalpha and MlP-lbeta. as disclosed in example 1. 
Present claim 28 relates to a compound defined by a desired 
characteristic or property, namely the capability for use in the 
treatment or prevention of HIV infection using a transgenic non-human 
animal. Present claim 40 relates to a compound defined to a desired 
characteristic or property, namely the capability to interfere with HIV 
entry into a cell that expresses DC-SIGN. 

The claims cover all compounds having this characteristic or property, 
whereas the application does not provide support within the meaning ot 
Article 6 PCT and/or disclosure within the meaning of Article 5 PCT for 
any of the compounds. In the present case, the claims so lack support, 
and the application so lacks disclosure, that a meaningful search over 
the whole of the claimed scope 1^'>mP0ssible.. Independent of the a^ 
reasoning, the claims also lack clarity (article 6 PCT). An attempt is 
made to define the compound by reference to a result to be achieved. 
Again, this lack of clarity in the present case is such as to render a 
meaningful search over the whole of the claimed scope impossible. 
Consequently, the search has not been carried out for present claims 28 
and 40. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims relating to inventions in respect of which no international 
search 'reoort has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT) The applicant 
1s advised that the EPO policy when acting as an International 
Preliminary Examining Authority Is normally not to carry out a 
preliminary examination on matter which has not been searched. Th s ls 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
Inventions 1n this International application, as follows: 

1. Claims: 1-4,18 

Inhibiting antibody specific for the DC-SIGN-binding portion 
of gpl20, for a portion of gpl20 exposed upon binding of 
gpl20 to DC-SIGN, or for the DC-SI GN/gpl20 complex, and its 
use for treatment or prevention of HIV infection. Immortal 
cell that produces said antibody. 



2. Claims: 5,6 

Soluble form of human DC-SIGN, and pharmaceutical 
composition comprising said soluble form 



3. Claim : 7 

Immunogenic composition comprising an adjuvant and an 
. antigenic fragment of gpl2p. 



4. Claim : 8 

Immunogenic composition comprising an adjuvant and a 
DC-SI GN/gpl20 binding complex. 



5, Claims: 9-13 

Maiittnal Ian cell, tfans^^^^ with a vector encoding huinan 
DC -SIGN, and its use to filter a biblbglcal fluid. 



6. Claims: 14-17,27,28 

Transgenic non-human mammal comprising DNA constructs 
encoding CD4, a human translocation promoting agent, and 
human DC-SIGN, and its use for identifying an agent for use 
In the treatment or prevention of HIV infection. 



7. Claims: 19-26,29-35 

Method of identifying a compound that Interferes with the 
trans-enhancement of HIV entry into a cell. 



8. Claims: 36-46 

Method of identifying a. compound thaVint erf e^^^^ with HIV 
entry Into a cell that expresses DC^SISN. 
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